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ABSTRACT

GEOMORPHIC HISTORY AND PRESERVATION OF ARCHAEOLOGICALLY
SIGNIFICANT AREAS IN THE HANFORD REACH OF THE COLUMBIA RIVER,
WASHINGTON STATE
by
Benjamin Joel Deans
June 2022

Archaeological sites near rivers may be preserved through burial, altered by
exposure, or destroyed through erosion. Preserved because of the unusual needs of the
Manhattan Project, the Hanford Reach is the only remaining free-flowing reach of the
Columbia River and ideal for research into the geomorphic settings of archaeological
sites along this river. The 1894 (742,000 cfs [20,900 m3/s]) and 1948 (690,000 cfs
[19,000 m3/s]) floods were the largest in the historical record through the reach, but their
relationship with geomorphic change and site preservation are less understood. To
understand how floods have preserved and destroyed archaeological sites, three
objectives were applied: 1) stratigraphic reinterpretations and grain-size analysis of
earlier archaeological sites; 2) elevation surveys and descriptions of overbank deposits;
and 3) hydraulic modeling of historic floods.
Results showed that large Columbia River floods and archaeological sites are
interconnected by cycles of inundation and subaerial exposure, but timing and frequency
was not determined. Archaeological sites on terraces H3 and H4 are buried by fluvial
iii

sediments, which may help to preserve them. Archaeological sites were interpreted to
have strata with sedimentological features characteristic of slackwater flood deposits.
Hydraulic modeling established that the maximum specific stream power for the
1997 flood was 566 W/m2. This value, along with its documented geomorphic change,
was compared to findings of the 1894 and 1948 floods, creating a risk potential map for
areas of erosion and deposition. The left channel of Locke Island was identified as a high
risk area for erosion. The three other study areas, Vernita Bridge, Coyote Rapids, and
Wahluke Slope had credible risks for erosion. Downstream deposition from Coyote
Rapids, Locke Island, and The White Bluffs Boat were identified by velocity decreases
and geomorphology.
Present-day dams have ceased deposition on these terraces, with the 1997 flood
used as a standard for future events. Future large discharge floods will not assist
preservation on archaeological sites, rather they will have the opposite effect of bank
erosion and loss of cultural material. In contrast, the loss of large episodic floods has
allowed the growth of riparian vegetation that will help mitigate bank erosion.
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CHAPTER I
INTRODUCTION
Geoarchaeological investigations are conducted in floodplains to accurately reconstruct
the geomorphic and paleoenvironmental context of sites and degrees of preservation. Preserved
because of the unusual needs of the Manhattan Project, the Hanford Reach is the only remaining
free-flowing reach of the Columbia River, and ideal for investigating links between fluvial
geomorphology and site preservation along the river (Kreiger, 1927; Jones et al., 1974; Bjornstad
et al., 1998; Fecht and Marceau, 2004). I hypothesize that large Columbia River floods are
acting to preserve and erode archaeological material through time, and historic events can be a
proxy for the future. The results will assist in identifying areas where cultural resources are
preserved by flood deposits or endangered by erosion.
Three objectives were applied to test this hypothesis:
1) Test pit stratigraphic reinterpretations and grain-size analysis (sorting, skewness, mean
particle size, kurtosis, and size frequency) of sediment samples from archaeological sites
were used to identify the relationship of the river to cultural materials. This allowed me
to distinguish fluvial from eolian deposits to interpret the natural processes of site
formation and burial.
2) Elevation surveys of slackwater flood deposits and correlation to a modeled peak watersurface elevation and discharge determined the inundation depth and extent of inundation
of historical and pre-historic floods.
3) The Hydrologic Engineering Center River Analysis System (HEC-RAS) model was used
to simulate velocity, discharge, and inundation associated with high-water elevations of
historic floods and prehistoric slackwater flood deposits on the Columbia River. Velocity
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mapping assisted in interpreting areas of erosion and potential loss of archaeological
materials. Overbank and slackwater flood deposits assisted in interpreting preservation
of archaeological material through burial.
Physiography of the Hanford Reach
Flowing from the Canadian Rocky Mountains, the Columbia River is the largest river in
the Pacific Northwest. The ~2000-km river forms the mainstem of the Columbia River Basin,
which drains an area of ~673,000 km2 (Paulsen, 1949; U.S. Department of the Interior and
Bureau of Reclamation, 2016). The basin is bounded by the Cascade Range to the west, the
Great Basin to the south, and the Rocky Mountains to the north and east. At 282,000 km2, the
Snake River is the largest tributary of the Columbia River, which has its confluence south of the
study area before the Columbia River turns westward discharging into the Pacific Ocean (Fig. 1).
Climatically, the Columbia River basin is heavily influenced by patterns in El Niño
Southern Oscillation (ENSO) and the Pacific Decadal Oscillation (PDO) (Redmond and Koch,
1991; Halpert and Bell, 1997; Bell and Halpert, 1998; Miles et al., 2000). ENSO is a three-to
seven-year climate pattern involving changes in surface water temperatures of the central and
eastern Pacific Ocean and strengthening and weakening of trade winds. La Niña is a period of
cold sea-surface temperatures and strong winds, while El Niño is a period of warm sea-surface
temperatures and weak trade winds. PDO is similar to ENSO but influences the North Pacific on
decadal scales (Mantua et al., 1997; Minobe, 1997; Yuan Zhang et al., 1997). ENSO and PDO
cycles reinforce cool and wet winter and spring weather during La Niña, with warmer and drier
winter and spring weather during El Niño (Mantua et al., 1997). The oscillating cooling and
warming patterns directly affect rainfall distribution and weather across the Pacific Northwest by
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increasing stream flow due to high snowpack accumulation during periods of La Niña and cool
PDO, with the opposite effects during El Niño and warm PDO.

Figure 1. Columbia River basin with the Columbia and Snake Rivers labeled. Figure is modified from Fecht
and Marceau, 2004. Red box indicates area of research interest.

The study area is a 32 km stretch of the 124 km Hanford Reach, spanning from Vernita
Bridge to the F Reactor (Fig. 2). The river flows in a generally southerly direction but takes an
abrupt northern then southern turn at the Horn (Fig. 2). The Columbia River has a mean annual
discharge of 3,360 m3/s (120,000 cfs) through the Hanford Reach (Fecht and Marceau, 2004).
Highest discharges are observed during early and late spring snowmelt from the Cascade Range
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and Rocky Mountains (Woods, 1954; Haushild et al., 1973). Low flows are characteristically
seen during the fall and winter. The river ranges from 400 to 1000 m in width through this
reach, with a maximum depth of 10 m (Paulsen, 1949; Fecht and Marceau, 2004, 2006).
Surrounding the Hanford Site on three sides are the basaltic anticlinal folds of the Saddle
Mountains (north), Umtanum Ridge (west), and Rattlesnake Mountains (south). These ridges
contain flows from the Columbia River Basalts with thin fluvial deposits of conglomerates,
siltstone, and sandstone separating flows (Reidel et al., 1994). After the termination of Columbia
River Basalt formation ~8.5 Ma, accumulation of sedimentary sequences dominated until the
present-day. The Miocene-Pliocene Ringold Formation is ~189 m thick, characterized by a base
composed of fluvial sands and conglomerates overlain by lacustrine sands and silts (Newcomb,
1958). This formation is best exposed along the White Bluffs (Fig. 2).
Late-Pleistocene to Present-Day Geomorphic History
Numerous late-Pleistocene terraces are found in the Hanford Reach and represent a
period of high discharge from glacial meltwater. Pleistocene terraces are located about 22 m
above the normal Columbia River flow with well-defined steps toward the Holocene terraces
(Fecht and Marceau, 2006). The youngest Pleistocene terrace (P1) and the oldest Holocene
terrace (H1) represent a transition from an anastomosing river system to an entrenched single
river system caused by the uplift of the Yakima Fold and Thrust Belt (Reidel et al., 1994; Fecht
and Marceau, 2006; Reidel and Tolan, 2013). Large-scale current ripples, channel bars, and
abandoned channels are evidence of this change.
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Figure 2. Hanford Reach study area, with important geomorphic and anthropogenic features. Area within the
red bars delineates the research area. Figure modified from Fecht and Marceau, 2004.

The Holocene fluvial history of the Hanford Reach is characterized by major
aggradational periods identified as 11,250 to 9,3600; 9,360 to 6,800; 4,900 to 2,100; and 1,800 to
1,800 years before present (Fecht and Marceau, 2004). Intervening periods represent periods of
river entrenchment and erosion, creating six terraces (Fecht and Marceau, 2004) (Fig. 3). Ages
of the terraces were based on radiocarbon dating of cultural material and bulk sediments and
tephrochronology. Dates represent terrace fluvial formation and abandonment.
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Figure 3. Interpretation of the ages of the terraces from Fecht and Marceau (2006). Number in paratheses
represents the elevation above normal low-flow. Approximate ages of fluvial terraces H3-H6 located above.
Holocene terraces H5 and H6 are inundated during early and late spring high discharges on the Columbia River.
Figure modified from Fecht and Marceau (2006).

Sand dunes and sand sheets are expansive features found along the riverbanks up to
several kilometers inland. This is due to the location of the Hanford Reach in a structural and
topographic depression known as the Pasco Basin. Little moisture falls on the basin due to its
location within the rain shadow of the Cascade Range, which creates a semiarid environment that
averages 20 cm of precipitation annually (Gentry, 1984).
Late-Holocene landslides have been mapped along portions of the White Bluffs
Escarpment. Their origins are anthropogenically triggered by irrigation (Bjornstad et al., 1998;
Bjornstad, 2006). During the 1960s and 1970s excess water from wastewater ponds seeped out
of the White Bluffs, creating the Locke Island Landslide. The US Department of Energy
6

contracted Pacific Northwest National Laboratory to monitor erosion and understand the
dynamics of the erosion and landslide. Eighteen erosion monitoring transects were placed on
Locke Island and identified that the formation of this landslide has displaced the river westward
into Locke Island, causing the erosion of a 400 m long cutbank with the loss of ~41,000 m3 of
sediment (Bjornstad et al., 1998). Landslide movement was 20 ft/yr, in 1998, but no detectable
movement has been observed recently (Bjornstad, 2006).
Past and Present Flood History
First proposed by J Harlen Bretz in 1923 to explain the unique landscape of the Columbia
Plateau, cataclysmic Ice Age floods have played a major role in shaping the Hanford Reach.
During the most recent episode of icesheet advance, a minimum of 40 glacial outburst floods
(Waitt, 1980) have created large-scale Pleistocene flood bars (Priest Rapids, Cold Creek, Gable
Mountain, and Esquatzel Bar) and elevated channel ways (Bretz et al., 1956; Bretz, 1969; Waitt,
1985; Bjornstad et al., 2001; Fecht and Marceau, 2004) (Fig. 2). As the flood waters flowed
toward the Pacific Ocean, backwater upstream of the restriction at Wallula Gap created Lake
Lewis, which had an estimated surface area of ~11700 km2 and a depth reaching 275 m
(Bjornstad et al., 2001). With an estimated discharge in excess of 9,000,000 m3/s, these floods
were the largest to occur through the reach.
The two largest historical floods on the Columbia River are the 1894 and 1948 floods
(Fig. 4 and 5). The 1894 flood was the largest historical flood, estimated at 742,000 cfs (20,900
m3/s), while the largest flood during the instrumental record was the 1948 flood, which had a
maximum discharge measured at 690,000 cfs (19,000 m3/s) through the Hanford Reach (Paulsen,
1949; Woods, 1954; Skaggs and Walters, 1981) (Fig. 4 and 5). Estimates of the 1894 flood
discharge were made from river elevations at Wenatchee, WA and Trinidad, WA (Woods, 1954).
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Crab Creek is the only tributary between Trinidad, WA and the Hanford Reach. This creek was
determined to provide very little to the estimated discharge of the 1894 flood (Woods, 1954).
The two floods share similarities in occurrence, which allows for comparison (Paulsen, 1949).
The 1948 flood was caused by greater than usual snowpack in late April, along with colder than
usual temperatures, preventing snowmelt at lower elevations along lower reaches of the river.
Between May 1st and May 15th temperatures had risen to ~21-23°C, from ~0-1°C, creating a
situation in which the entire basin discharged simultaneously (Paulsen, 1949). The increase of
water content by snow at lower and higher elevations was exacerbated by rainfall averages ~10.8
cm greater than normal.
The 1996 and 1997 global weather was affected by an extreme and prolonged ENSO
(Halpert and Bell, 1997; Bell and Halpert, 1998). The 1997 flood had a maximum discharge of
12,000 m3/s (410,000 cfs) (Fig. 4 and 5) and was caused by an unusually wet winter in the
Pacific Northwest. The fall of the preceding year, a low pressure system had stalled over the
Gulf of Alaska, sending storms into the Pacific Northwest and starting snow accumulation
(Halpert and Bell, 1997; Wherry et al., 2018). Heavy rainfall from the equatorial central Pacific
sent warm and wet weather into the region causing significant snowmelt. Light to moderate
precipitation continued through March. In late April, remnant storms from typhoon Esa and
tropical storm Jimmy brought more record rain to the region. Major flooding was experienced in
Washington, Oregan, and Idaho, with the lower reaches of the Columbia River Basin
experiencing record flooding (Wherry et al., 2018).
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Figure 4. Priest Rapids Dam (USGS gauge 12472800) gauged peak annual discharge, orange bars. Gray bars
represent average annual flow through the Priest Rapids dam gauge. Columbia River peak discharges decreased
during the late 20th Century, due to increased dam building (seven upstream of the Hanford Reach).

Discharge (m3/s)

25000

6-Nov-21
1948 flood

20000

1997 flood

15000
10000
5000
0
0

20

40

60

80

100

100-day period
Figure 5. The 1948 flood and 1997 flood and 06NOV2021 hydrograph measurements of daily peak flow, for a
100-day period, taken from Priest Rapids Dam (USGS gauge 12472800). The 1948 flood peak flow of 690,000
cfs (19,000 m3/s), 1997 flood peak flow of 410,000 cfs (12,000 m3/s), and 06NOV2021 annual flow of 120,000
cfs (3,360 m3/s) are graphed for comparison (Woods, 1954, Fecht and Marceau, 2004).
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Slackwater Flood Deposits
Overbank floods occur when the river channel capacity is exceeded by the magnitude of
water transported. With increasing flood discharge there is a measurable increase of watersurface elevation, velocity, and increased rates of sediment transport as bedload, suspended load,
and washload (Costa, 1978, 1986; Kochel, C R; Baker, 1982; Ely and Baker, 1985; Baker, 1987,
2008; Brakenridge, 1988). Slackwater flood deposits are discrete deposits of fine sand or silt
that are emplaced within flow separation zones, where slow moving flow (<1 m/s) dominates
(Baker, 2008). A continuous sequence of slackwater deposits can be created with each
successive flood whose stage equals or exceeds the previous slackwater deposits. Favorable
locations for slackwater deposition and preservation are, in no order, 1) flood benches along
channel margins, 2) back-flooded tributaries, 3) eddies at channel irregularities, and 4) alcoves.
Archaeology of the Hanford Reach
As early as 9,300 BP (Taylor et al., 1998) ancestors of today’s Wanapum, Yakama,
Umatilla, Coville, Cayuse, Walla Walla, Palus, Nez Perce, and Middle Columbia Salish (MosesColumbia) gathered resources, traded, and socialized along what is now known as the Hanford
Reach.
The first formal archaeological investigations in the Hanford Reach were in 1929, when
H. W. Krieger surveyed the Columbia from its confluence with the Yakima River north to the
Okanogan River (Kreiger, 1927; Rice and Chavez, 1980). His excavation at Wahluke was of a
prehistoric undisturbed village and the proximal burial mounds (Kreiger, 1927). Thirty
semicircular subterranean structures of various depths and diameters >9m were arranged in
irregular rows along the river terrace. Kreiger concluded that the structures were placed on a
broad and high terrace that offered protection from annual flood inundation. Cultural material
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and animal bones were found scattered on the surface. Wood artifacts and support structures
were not present, which Kreiger speculated was due to inundation and aggradation by “larger”
floods. At this time, Kreiger noted the importance of Wahluke and the surrounding area for
archaeological study and preservation from orchard development. No further research was
conducted again until 1967 (Jones et al., 1974; Rice and Chavez, 1980).
In 1967, archaeological research was focused on the Hanford Reach for the proposed Ben
Franklin Dam (Rice and Chavez, 1980). Rice recorded the Wahluke site as 457 m long and 152
m wide, with blowouts comprising >30% of the dune areas. Blowouts are depressions caused by
deflation, where migrating dunes exist or a break in integrity of a stabilized eolian deposit.
To inventory and evaluate cultural resources of the Hanford Nuclear Site, the United
States Department of Energy necessitated a small-scale exploratory project. This aligned with the
interests of the Pacific Northwest Laboratories and the Central Washington University
Archaeological Survey to research the last remaining undammed stretch of the Columbia River.
Final reports were not completed, but Chatters and Hackenberger described Wahluke as a
strongly linear settlement, conducive of riverine settlements, and cultural material probably from
the late prehistoric or protohistoric (S. Hackenberger, personal communication, 2020). Six
radiocarbon dates were collected from various test pits: 290 +/- 80; 990 +/- 90; 1150 +/- 110;
1370 +/- 160; 3850 +/- 130; and 7800 +/- 110 BP ( S. Hackenberger, personal communication,
2020; Fecht and Marceau, 2006).
Locke Island is an archaeologically and culturally significant island for all the tribes. The
first formal investigations of the island were conducted in the 1960s (Rice, 1968). Rice
documented numerous housepit sites and artifacts that confirm the prehistoric use of the island.
Historically, the island was used by the indigenous tribes and early settlers for salmon fishing
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and grazing. Intense irrigation during the 1960s and 1970s caused excess water to seep from the
White Bluffs, creating a 5 km stretch of slope failures. The largest of these landslides is the
Locke Island Landslide. This landslide created a restriction in the Columbia River channel from
its previous width of 450 m to its present-day width of 300 to 150 m. Approximately 2 acres of
the island was lost, leaving behind a 400-m long cutbank (Bjornstad et al., 1998). This erosion
exposed archaeological features and artifacts. Pacific Northwest National Laboratory was
contracted to monitor, mitigate and better understand the geomorphic process and loss of cultural
material.
By virtue of their location within the Hanford Nuclear Reservation, cultural resources
were protected from anthropogenic disturbances. This reach presents a unique opportunity for
multidisciplinary research regarding geoarchaeology and other culturally related fields.
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CHAPTER II
METHODS
Stratigraphy and Grain-Size Analysis
During a 1989 Central Washington University archaeological field school, James
Chatters and Steven Hackenberger directed mapping and test excavations on the Wahluke Slope.
I interpreted the stratigraphic descriptions and analyzed the grain-size distribution of 26 sediment
samples collected in 1989 during that field school to determine the source of sediments, fluvial
or eolian, associated with these archaeological sites.
Stratigraphic descriptions, originally performed by geoarchaeologist Nattellie Wood,
were reanalyzed to identify strata for characteristics indicative of slackwater flood deposits:
changes in grain size, sedimentation pattern, variations in color, and indicators of subaerial
exposure are common descriptors for slackwater deposits (Kochel, C R; Baker, 1982; Ely and
Baker, 1985; Benito et al., 2003; Guo et al., 2017). Originally described sedimentary structures,
contacts, and sediment descriptions were combined with particle-size analysis (of available
sediment samples). This was done to determine whether strata were of fluvial or its winnowed
eolian counterpart (Draut and Rubin, 2007; Draut et al., 2008).
Along with the Wahluke Slope stratigraphy, the Locke Island stratigraphy was analyzed
for characteristic signatures of flood deposits. Reports for the archaeological and cultural
preservation of Locke Island (Bjornstad et al., 1998; Bjornstad, 2006) were obtained to
understand large floods and their depositional and erosional history.
Grain-size analysis was conducted using a Malvern Mastersizer 3000 laser particle-size
analyzer. Samples were split down to a weight of ~10 g for more sandy samples, and ~5 g for
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more silty samples. At this weight, visible organic material (roots, seeds, shell, etc.) was
removed manually, after which samples were split into individual 1 g portions.
Once preparations were complete, 1 g portions were added to the Mastersizer until an
obscuration of 15-25% was obtained (Sperazza et al., 2004). Obscuration measures the percent
of laser light in the Mastersizer reflected by particles during analysis, which is a proxy for
concentration. For all runs, stirring speed was kept constant at 3000 rpm and the pump speed
was constant at 2500 rpm, as these are preferred settings for soil particle entrainment. Five run
averages for each sample were taken recording mean, sorting, skewness, and kurtosis.
Radiocarbon Dating
To date the deposition of strata, radiocarbon dating was conducted on four bone samples.
The bone samples were part of the collection from the 1989 Central Washington University
archaeological field school, directed by James Chatters and Steven Hackenberger. Samples were
selected because of their relative position to the river and stratigraphic position relative to
potential flood deposits. The analysis was performed by Direct AMS of Bothell, WA (Appendix
A). Conventional radiocarbon ages were calibrated to years before present (BP) using OXCal
4.4 online, with the default curve of IntCal 20 (Reimer et al., 2020).
Analysis of Historic Columbia River Flood Records
For modeling calibration and initial interpretations of how large Columbia River floods
interact with known archaeological sites, historic flood data were analyzed. Flood records
consisted of peak discharge and water-surface elevations for the 1948 and 1997 floods, measured
at the reactor pump house (structure ID 181). Occurring prior to the instrumental record, the
1894 flood, was the largest in recorded history. Discharges through the Hanford Reach were

14

calculated by the United State Geological Survey from water-surface elevations at Trinidad, WA
and Wenatchee, WA (Paulsen, 1949; Woods, 1954).
Field Reconnaissance for Slackwater Deposits
Field reconnaissance for slackwater deposits employed three techniques: Remote sensing
(aerial photographs and Google Earth), pedestrian and boat surveys.
Remote sensing techniques were employed to identify geomorphic features, such as
backwater eddies and channel margins, that are conducive to slackwater flood deposit deposition.
Verifying Coyote Rapids flood debris and its possible time of emplacement was performed using
a combination of aerial photos (K. Fecht, personal communication, 2021) and Google Earth
timeline imagery.
Once areas of interest were identified, public access to the White Bluffs Boat Ramp
peninsula allowed for pedestrian surveys to closely inspect individual outcrops for characteristics
of slackwater flood deposits. Changes in grain-size, sedimentation pattern, variations in color,
and indicators of subaerial exposers are common descriptors for slackwater deposits (Kochel, C
R; Baker, 1982; Ely and Baker, 1985; Benito et al., 2003; Guo et al., 2017).
Boat reconnaissance from the Vernita Bridge to the White Bluffs Boat Launch allowed
for observations of locations inaccessible due to permitting. Characteristics like those done for
the White Bluffs Boat Launch outcrops was observed.
Surveying Columbia River Overbank Deposits
Once areas of inundation were identified by pedestrian surveys, elevations of potential
flood deposits were measured using a combination of tripod-mounted level, hand level, and laser
range finding. Tripod-mounted level surveying was the preferred method because of its accuracy
(~0.030 m). The tripod was positioned to capture elevations from the waterline to the top of
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overbank deposits. This was done by either the tripod positioned on top of the deposit and the
stadia rod held by the water’s edge, or the tripod positioned between the deposit and waterline.
The latter method required a measurement to be done toward the waterline, after which the level
was turned 180°, the stadia rod placed on top of the deposit, and another measurement recorded.
Where the tripod was too tall to capture a reading on the stadia rod, a hand level was held at the
surface level of the deposit to take a stadia rod measurement. The laser range finder was used
when elevations exceeded the maximum height of the surveying rod (5.18 m).
Flood deposit GPS locations were entered into ArcGIS Pro, with lidar provided by the
Washington lidar portal (https://lidarportal.dnr.wa.gov/), to provide a local height datum (NAD
83 HARN). With this, elevations of flood deposits could be extracted to cross-sections generated
through HEC-RAS.
Hydraulic Modeling
Because discharge, water surface elevation, and velocity may be limited or nonexistent,
hydraulic modeling provides a way to characterize, spatially and temporally, large Columbia
River floods for interpretations of their interactions with known archaeological sites. This
relationship addressed whether the occupation and/or preservation of these sites were
predominantly influenced by Columbia River floods and where cultural material is threatened by
erosion.
Hydraulic modeling is a multidisciplinary field that is concerned with hydraulic behavior
and fluid flow. As a hydraulic modeling software, Hydraulic Engineering Center River Analysis
System (HEC-RAS) allows users to perform one-dimensional steady flow hydraulics, one- and
two-dimensional unsteady flow hydraulics, sediment transport bed modeling, water temperature
analysis, and water quality modeling (Brunner, 2021).
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HEC-RAS Version 6.0 two-dimensional hydraulic modeling was used in this research
project to simulate floods, create inundation maps, cross-sections of water surface elevations,
estimate flow velocity, and identify areas of potential slackwater flood deposits (O'Connor and
Webb, 1988; Wohl, 2002; Baker, 2008; Waichler et al., 2017; Brunner, 2021). I employed twodimensional hydraulic modeling due to the ability to compute flow direction, transverse velocity
and momentum (“y” direction), transverse velocity distribution, and transverse variations in
water surface, all of which are assumed to be constant with one-dimensional hydraulic modeling
(Brunner, 2021). The hydraulic computations and terrain determine in-channel and overbank
flows, which allow for velocity mapping and eddy formation.
Bathymetry (Coleman et al., 2010) and topographic data were acquired from the
Washington LiDAR Portal (https://lidarportal.dnr.wa.gov/). Bathymetry for the Hanford Reach
stretched from the toe of Priest Rapids Dam to beyond F Reactor. Supplemental lidar data was
employed for areas of that could be inundated. All utilized tiles were mosaicked into a single
raster internally by HEC-RAS.
Once this was accomplished, model set-up entailed the creation of a two-dimensional
computational mesh over the areas that could be inundated. The resolution of the computational
mesh was 200 m by 200 m, as this gave the preferred five to seven computational cell spacing
across the main river channel (Brunner, 2021). To resolve areas of fragmented inundation, also
called “leaking”, refinement regions were placed with computational meshes of 50 m by 50 m.
Fragmented inundation is the result of computational cells that are too large and/or terrain
features that do not align with computational cells. A volume accounting error indicates that
flows have made it to the boundary of the two-dimensional computational mesh or that there is
an error with boundary condition set-up. This value was verified to be <1% (0.01) for all
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simulations (Brunner, 2021). Break lines were placed perpendicular to the river and extended
beyond the inundation zone for locations of interest. These break lines served two purposes: (1)
allow for precise measurements of simulated discharge through the reach and (2) obtain water
surface elevation cross-sections. Full-momentum equations were employed to model river
eddies, which is not possible with dispersion wave equations. All simulations were run with a
computation interval of 10 seconds, mapping output interval of 10 minutes, and hydrograph
output interval of one hour. Once the appropriate computational mesh and time steps were
developed, Courant numbers >1 were not observed, signifying computational accuracy and
stability (Brunner, 2021).
The roughness coefficient (Manning’s n) was set between 0.020 and 0.035. These values
were applied by creation of override regions within the main channel and hydraulic cell/face
properties. Values from previous one-dimensional modeling were found to be comparable to
Waichler et al., 2017. Their model was calibrated using historical data from 2010-2011 to an
accuracy of 4.0 to 49.0 cm. All other Unsteady Computation Options and Tolerances: 2D Flow
Options were found to be appropriate.
The 1948 flood (19,000 m3/s [690,000 cfs]) and 1997 flood (12,000 m3/s [410,000 cfs])
were utilized because of their known hydrographic data, which were absent for the larger flood
of 1894 (20,900 m3/s, [742,000 cfs]) and prehistoric floods. Boundary conditions were: (1)
upstream conditions set to flow hydrography data, from below Priest Rapids Dam (USGS gauge
12472800) and (2) downstream conditions were set to normal depth with a friction slope of
0.000304. Eleven waterline coordinates were taken 06NOV2021, using a Garmin 64st, for
calibration, near the White Bluffs Boat Launch.
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Two-dimensional modeling requires the use of hydrograph data. Hydrograph data was
acquired for the Priest Rapids Dam stream gauge (USGS gauge 12472800). Average discharge
for a 100-day period, with 06NOV2021 used as a median date, were simulated to find the water
surface elevation, for a present-day baseline. The 1948 flood (19,000 m3/s [690,000 cfs]) and
1997 flood (12,000 m3/s [410,000 cfs]) were simulated for a 100-day period to observe
inundation and water surface elevations. To simulate the 1894 flood, incremental changes to the
hydrography were accomplished using the flow hydrograph multiplier. The flow hydrograph
multiplier gives the user the ability to multiply all values of a known hydrograph to increase
discharge to a desired amount. The 1948 flood hydrography was multiplied by a value of 0.1 to
simulate a discharge equal to the 1894 flood (20,900 m3/s, [742,000 cfs]).
HEC-RAS was calibrated to the 1948 flood using gauged high-water measurements from
river pump houses (structure IDs 181) located adjacent to reactors B, D, and F (Wood, 1954,
Table. 1) (Appendix B). Flood debris (elevation of 125 m) was used to calibrate the ~11 km
stretch of river between reactors B and D, for the 1894 and 1948 floods. Calibrations for the
1997 flood used high-water measurements at the H Reactor river pump house (Bjornstad, 2006).
Table 1. Elevations used for model calibration purposes. The 1948 reactor elevations were acquired from
Woods, 1954. Debris on Coyote Rapids was determined to be of flood origin, and elevation was delineated from
lidar data (Washington LiDAR Portal; https://lidarportal.dnr.wa.gov/). The 1997 flood reactor elevation was
acquired from Bjornstad, 2006. H Reactor and Locke Island cross-sections are the same, due to their similar
locations.
Location
1948 flood
1997 flood
B Reactor

415.0 ft (126.4 m)

Coyote Rapids

125 m

D Reactor
H Reactor
F Reactor

402.9 ft (122.8 m)
118.4 m (388.4 ft)
390.9 ft (119.2 m)
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Creation of a Cultural Risk Map
Once HEC-RAS modeling was completed and analyzed, I assessed stretches of the river
for potential erosional loss and depositional preservation of archaeological and cultural material.
This map will assist in mitigating potential disturbance of cultural resources by identifying the
landforms and geographic settings in which buried or surface sites are most likely to occur.
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CHAPTER III
DATA AND RESULTS
Stratigraphy and Grain-Size Analysis
Stratigraphic reinterpretation and grain-size analysis were performed on four test pits and 26
sediment samples from a 1989 Central Washington University archaeological field school.
During the field school, constant volume samples were collected at each stratum to be analyzed
at a later date. Presented here are all available samples, stratigraphic descriptions, and profiles
located at the repository of the Central Washington Archaeological Survey and what was
procured from the Wanapum Heritage Center (Table 3). Clarification of three issues is needed
because of the interdisciplinary nature of the study: (1) original naming of the test pits; (2)
definition of use of “unit;” and (3) interpretation of the naming convention.
1. I decided to follow the original naming of the test pits, only adding a “Wahluke” prefix
(ex. Wahluke Unit 4, originally Unit 4). This was done to add a general location to
samples.
2. In geology, a stratigraphic unit is a collection of rocks that are identifiable by lateral
extent, origin, and age. This should not be confused with the use of the word “unit”
presented here. Unit, for this study, is equal to test pit (ex. Unit 4 is equal to test pit 4).
3. The names of all samples are followed by a number in parentheses, for example Wahluke
Unit 4 (3). The number in parentheses denotes depth in tens of centimeters from the
surface.
To assist in synthesizing the information and to give an example of use, Wahluke Unit 4 (3)
would be read as follows:
•

Wahluke (general location of the Wahluke Slope)
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•

Unit (equal to a geologic test pit)

•

4 (test pit number)

•

3 (from 30 centimeters below the surface)
Other than the use of the Wahluke prefix, minimal name changes were done for ease of

correlation with handwritten field notes, unpublished reports, and potentially other reports in the
repositories of the Hanford National Monument and Wanapum Heritage Center.
Stratigraphy
Stratigraphic columns and descriptions were obtained from the repository, located at the
Wanapum Heritage Center, and personal communications with James Chatters and Steven
Hackenberger (2021).
Test Unit 4 was excavated just back from the edge of H4 terrace in a semicircular
depression (~10 m diameter) with sagebrush cover (S. Hackenberger, personal communication,
2021 and Appendix C and D). It was excavated as a 1 by 1 m unit to a depth of 240 cm, with an
auger hole used to sample sediments to 310 cm (S. Hackenberger, personal communication,
2021) (Fig. 6). Alternating strata of sand and silt with organic cultural horizons were found
between 60 cm and 130 cm, Stratum VIII through XVI. This stratum range is bounded by abrupt
contacts with Stratum VII and XVII (Fig. 7 and Table 2). Krotovina were not described below
120 cm, with the densest cluster between 120 and 50 cm. Mottling was only described for
Stratum XII, XIII, XVIII, and XIX, all of which are above 100 cm. Only Strata V, VII, XII, and
XIII were described as having gradational contacts (Fig. 7 and Table 2). Strata II, IV, and XXII,
were the only strata with very coarse sand, for the sediment description, though stratum V was
also described as very coarse sandy silt. Stratum I was the only stratum to be described as
graded (Fig. 7 and Table 2).
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Figure 6. Author's interpretation of the terrace work of Fecht and Marceau (2006) from Figure 3. Wahluke test
units are included in their interpreted location and excavation depth, labeled below, from the work of Chatters
and Hackenberger, 1989 (S. Hackenberger, personal communication, 2021).

Test Unit 5 was placed on the edge of H4 terrace and excavated as a 1 x 1 m unit to a
depth of 130 cm (Fig. 6). Auguring was used to sample sediments to 245 cm (H. Hackenberger,
personal communication, 2021). Stratum I was described as an 80 cm graded bed, from fine-tomedium sand to slightly sandy silt (Fig. 8 and Table 3). There is a very irregular and abrupt
contact with the overlying Stratum II. Coarse sand was only described for Stratum III.
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Figure 7. Stratigraphic column for Wahluke Unit 4, originally performed by Nattellie Wood. Strata grain-size
pictured on the left and Mastersizer samples pictured on the right.
Table 2. Stratigraphic descriptions for Wahluke Unit 4, originally performed by Nattellie Wood.
Stratum
Munsell color (wet)
Description
Very poorly sorted silty very fine to very coarse sand, eolian, loose, contact
wavy, very abrupt
Like XIX, platy at top (5-10 cm)
Well sorted very fine sand silt, 1894 flood?

XXII

10 YR3/3

XXI
XX

10 YR3/3
10 YR3/3

XIX

10 YR3/3

Slightly mottled silty very fine to medium sand, poorly sorted, predominantly
very fine sand and silt, contact smooth, abrupt, defined by lack of light mottles

XVIII

10 YR3/3 w/mottles of
2.5Y 5/2

Mottled silty very fine to medium sand, predominantly very fine sand and silt
w/mottles of very fine sandy silty, mottles .5-5 cm, berm?, contact abrupt,
smooth

XVII

10 YR3/3

Very fine to coarse sandy silty (about 50/50 very fine sand/silt), massive, very
friable, "cleaner", poorly sorted, contact abrupt, smooth
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XVI

10 YR2/2

XV

10 YR3/2

XIV

10 YR3/2

XIII

10 YR3/2

XII

10 YR3/2

XI

10 YR3/2

X

10 YR3/2

IX

10 YR3/3

VIII

10 YR2/2

VII

2.5 Y4/2

VI

2.5 Y4/2

V

2.5 Y4/2

IV

2.5 Y4/4

III

2.5 Y3/2

II

2.5 Y4/4

I

2.5 Y5/4

Very fine to coarse sandy silt, predominantly very fine sand and silt, very
friable but looser than above than above and below strata, stained
Very fine-coarse sand sandy silt, ~50/50 sand/silt; discontinuous laminations
of silt ~0.5 cm wide, less stained than XVI, shell fragments
Stained very fine sandy silt
Silty fine sand, ped very fine-fine sand; mottled; very friable; massive; contact
wavy, gradational
Like XI, slightly less stained; small mottles of lighter brown silty sand; contact
gradational, smooth
Very fine-medium sand silt; ~50/50 very fines/silt; very friable massive; not
mottled; contact very abrupt, wavy
Like XI, but more stained
Very fine-medium sand silt; pred ~50/50 very fines/silt; "clean"; mottled;
contact smooth, very abrupt, very friable; massive; cultural?
Very fine-medium sand silt; pred fine sand/silt; charcoal stained; massive;
contact smooth, abrupt; very friable
Silty very fine-medium sand, pred very fines; better sorted, "cleaner" than VI;
contact smooth, gradational; very friable; massive; fluvial?; cultural
Like VI; contact very abrupt, smooth; massive; fish bone at base; eolian
Poorly sorted very fine-very coarse sandy silt; ~50/50 sand/silt, pinkish; more
compact than strata IV, VI; contact smooth, gradational
Silty, poorly sorted very fine-very coarse sand, pred very fine-fine sand;
massive; contact very abrupt, smooth; very friable; eolian?
Like II but more silt; charcoal stained; fish bones
Poorly sorted very fine-very coarse sand, pred medium sand; massive; iron
stains towards base; lower contact smooth, very abrupt; fluvial?
Graded bed, grades from sandy silt, (very fine- medium sand, pred very fines)
to well sorted very fine sand silt; friable; fluvial
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Figure 8. Stratigraphic column for Wahluke Unit 5, originally created by Nattellie Wood. Strata grain-size
pictured on the left, and Mastersizer samples pictured on the right.
Table 3. Stratigraphic descriptions for Wahluke Unit 5 originally described by Nattellie Wood.
Stratum
Munsell color (wet)
Description
III

2.5 YR4/2

Slighty silty very fine to coarse sand, predominantly fine to medium sand;
faintly bedded; loose; very abrupt contact; eolian

II

10 YR3/3

Very well sorted, very fine sandy silt, slightly more silty towards the base;
grayer towards base; massive; very friable; contact irregular, very abrupt

I

2.5 Y4/4

Graded bed, grades from a fine to medium sand (pred fine sand) to slightly
sandy silt; lighter color at the top of stratum; loose at base, very friable at top

Test Unit 6 was a 1 x 1 m unit, excavated to a depth of 96 cm (H. Hackenberger, personal
communication, 2021) (Fig. 6). The unit was placed on H4 terrace in an apparent house feature
(Appendix C and D). The base of the test unit was rounded pebbles, covered with caliche.
Poorly sorted fine to very coarse sandy silt was also described. Abrupt contacts were only
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described for the base of Stratum II and VII, though Stratum III, V, and VI were described as
having abrupt to gradational contacts (Fig. 9 and Table 4). Only Stratum I and II were described
as coarse: granular sandy-silt and silty-sand, respectively. Test Unit 6 was the shallowest unit
excavated.

Figure 9. Stratigraphic column for Wahluke Unit 6, originally created by Nattellie Wood. Strata grain-size
pictured on the left and Mastersizer samples pictured on the right.
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Table 4. Stratigraphic descriptions for Wahluke Unit 6, originally described by Nattellie Wood.
Munsell color
Stratum
Description
(wet)
VII

10 YR3/3

Very fine to medium sand, predominantly fine sand; finely laminated; loose; fine
rootlets; very abrupt lower contact; eolian

VI

10 YR3/3

Well sorted, very fine sandy silt; massive; very friable, flecks of charcoal; abrupt
to gradational contact

V

10 YR3/3

Silty very fine sand w/about 5% medium sand, less than 5% pebbles; massive;
very friable; gradational contact

IV

10 YR3/3

Silty very fine to medium sand, predominantly very fine sand, top of stratum is
slightly more indurated than Stratum V; massive, very friable; FCR and pebbles

III

10 YR3/3

Very fine to medium sandy silt; massive; very friable; contact abrupt to
gradational

II

10 YR3/3

Very fine to coarse silty sand, predominantly very fine to fine sand; very friable;
lots of fish bone, charcoal staining; contact very abrupt

I

2.5 Y4/2

Poorly sorted, fine to very coarse granular sandy silt, ~10% rounded pebbles;
pebbles entirely covered w/caliche; friable

Test Unit 8 was a 1 x 1 m unit, excavated to a depth of 100 cm (H. Hackenberger,
personal communication, 2021) (Fig. 6). The unit was located on H4 terrace. Coarse sand was
found for Stratum II, III, and IV, with Stratum I described as very coarse sandy silt (Fig. 10 and
Table 5). All strata had a pebble aspect described. Overlying contacts were abrupt throughout.
Grain-Size Analysis
Grain-size analysis was conducted using a Malvern Mastersizer 3000 laser particle-size
analyzer. Five run averages of each sample were performed and the mean, sorting, skewness,
and kurtosis averages were recorded (Table 3). The names of all samples are followed by a
number in parentheses (ex. Wahluke Unit 4 [3]). The number in parentheses denotes depth in
tens of centimeters from the surface.
All of Unit 4 samples were found to be medium to coarse sand (Fig. 11 and Table 6).
Two samples were found to have fine skewed tails to very fine sand. Wahluke Unit 4 (3)
showed that 10% of the total volume was very fine sand, while Wahluke Unit 4 (15) showed a
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tail of ~20% very fine sand (Fig. 11). Wahluke Unit 4 (3) was from stratum XX, described as
well sorted sandy silt and questioned to be from the 1894 flood by Chatters and Hackenberger
(1989).

Figure 10. Stratigraphic column for Wahluke Unit 8, originally created by Nattellie Wood. Strata grain-size
pictured on the left and Mastersizer samples pictured on the right.
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Table 5. Stratigraphic descriptions for Wahluke Unit 8, originally described by Nattellie Wood.
Munsell
Stratum
color
Description
(wet)
IV

10
YR3/3

III

10
YR3/3

II

10
YR3/3

I

10
YR5/4

Slightly silty very fine to coarse sand, predominantly fine sand, less than 3%
pebbles, faint cross-bedding; loose, contact slightly wavy, very abrupt; eolian
Slightly silty very fine to coarse sand, predominantly very fine to fine sand, less
than 3% granules, pebbles, and cobbles; massive; very slightly lighter towards
base; very friable, contact wavy, abrupt
Slightly silty very fine to coarse sand, predominantly very fine to fine sand,
massive; top of stratum defined by lighter color; less than 3% granule, pebble;
massive, very friable, slightly more compact; contact very abrupt, smooth
Poorly sorted medium to very coarse sandy silt, ~10% rounded pebbles (grain
supported), gains subangular to subrounded, friable, fluvial

Figure 11. Wahluke Unit 4 grain-size analysis results for the seven samples.

Four samples from Wahluke Unit 5 were medium to coarse sand (Fig. 12 and Table 6).
The fifth sample, Wahluke Unit 5 (6), was the only sample to be mainly very fine sand, and it
skewed toward clay. This sample was taken from the top of stratum I near an irregular contact
and was originally described as a graded bed from fine to medium sand (predominantly fine
sand) to slightly sandy silt (Table 6).
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All Wahluke Unit 6 samples were mainly composed of medium sand (Fig. 13), but all
show some component of very fine sand. Wahluke Unit 6 (4) and (5) were between 10-20%
very fine sand (Fig. 13). Both samples were from stratum V, which was described as silty very
fine sand with about 5% medium sand, less than 5% pebbles; massive; very friable; with a
gradational basal contact (Table 6).
Wahluke Unit 8 (4), (7), and (8) are compositionally medium sand, but Wahluke Unit 8
(7) does have 10% very fine sand and Wahluke Unit 8 (9) has 9% (Fig. 14). Wahluke Unit 8 (6)
was medium sand, but with 44% very fine sand and was sampled from the base of stratum III.
Wahluke Unit 8 (2) was the only bimodal sample of all 26 samples. This sample was medium
sand with 66% influence of very fine sand. This sample was taken from the top of stratum III,
below a slightly wavy, abrupt contact (Table 6).
Summary of Stratigraphy and Grain-Size Analysis
Stratigraphic reinterpretations revealed that coarse sand strata are found alternating with
silty sand strata. This pattern is more pronounced at the base of Wahluke Unit 4. Wahluke Unit
8 was the only unit composed of predominantly coarse sand throughout. The contacts between
strata vary from very abrupt and gradational. Stratum I for Wahluke Test Units 4 and 5 were the
only strata to be described as graded (Table 2 and 3).
Grain-size analysis of 26 samples were predominantly medium sand. Exceptions to this
pattern were Wahluke Unit 8 (2) and Unit 8 (6). These samples had a significant amount of very
fine sand, with Wahluke Unit 8 (2) at 66% sand and Wahluke Unit 8 (6) at 44%. Wahluke Unit
5 (6) was the only sample to be predominantly very fine sand. This sample was taken from
below the irregular contact (Fig. 8).
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Table 6. Mastersizer data of the five run averages in microns. Laser obscuration measures the concentration of particles during analysis. Dx is the amount of
particles that fit into the numerical bin size. Kurtosis measures the degree of peakedness. Mode is the measure of the most frequently occurring particle size.
Skew is a measure of asymmetry.
Laser
Sample
Dx (5)
Dx (10) Dx (16) Dx (50) Dx (84) Dx (90) Dx (95)
Kurtosis
Mode
Skew
Obscuration (%)
Wahluke Unit 4 (3)
18.66
124
206
268
475
740
827
934
-0.187
521
0.418
Wahluke Unit 4 (5)
19.86
263
297
330
486
711
783
870
-0.089
490
0.655
Wahluke Unit 4 (6)
17.87
310
343
374
525
733
801
880
-0.156
526
0.595
Wahluke Unit 4 (7)
21.99
253
290
324
488
728
807
903
-0.08
493
0.624
Wahluke Unit 4 (8)
18.07
226
262
294
452
682
756
853
0.039
459
0.675
Wahluke Unit 4 (10)
18.48
279
315
349
508
736
811
902
-0.172
510
0.628
Wahluke Unit 4 (12)
20.19
192
248
290
478
757
853
976
0.295
494
0.636
Wahluke Unit 4 (15)
17.65
93.5
128
170
372
630
714
821
-0.141
442
0.612
Wahluke Unit 5 (2)
Wahluke Unit 5 (3)
Wahluke Unit 5 (4)
Wahluke Unit 5 (8)
Wahluke Unit 5 (6)

18.42
20.02
19.26
17.4
24.24

317
245
311
319
4.37

354
281
345
354
9.67

386
315
376
383
17.3

544
476
526
521
71.8

766
712
735
706
175

840
789
806
758
212

934
884
891
832
261

-0.016
-0.059
-0.057
-0.291
1.021

542
482
524
524
108

0.66
0.63
0.643
0.503
1.169

Wahluke Unit 6 (3)
Wahluke Unit 6 (4)
Wahluke Unit 6 (5)
Wahluke Unit 6 (6)
Wahluke Unit 6 (7)
Wahluke Unit 6 (8)
Wahluke Unit 6 (9)

16.33
17.77
18.74
17.84
18.99
19.14
18.52

183
92.3
92.8
310
186
245
162

258
147
138
346
249
290
246

306
231
205
380
293
330
292

492
449
430
546
476
510
478

748
712
699
784
730
766
730

833
797
786
858
814
849
812

938
903
897
958
918
953
914

-0.056
-0.252
-0.201
0.014
-0.029
-0.007
-0.106

517
501
491
546
500
524
505

0.433
0.384
0.478
0.681
0.491
0.555
0.416

Wahluke Unit 8 (2)
Wahluke Unit 8 (4)
Wahluke Unit 8 (6)
Wahluke Unit 8 (7)
Wahluke Unit 8 (8)
Wahluke Unit 8 (9)

17.68
23.22
17.96
15.53
17.59
17.61

47.2
250
62.1
116
129
225

64.8
289
81.7
189
213
276

82.3
325
105
249
269
316

267
493
305
454
470
491

594
733
566
723
742
733

693
812
647
812
832
812

819
908
749
925
947
909

0.088
-0.107
-0.19
-0.087
-0.063
-0.126

471
503
422
497
506
509

0.883
0.565
0.68
0.590
0.509
0.452
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Figure 12. Wahluke Unit 5 grain-size analysis results for the five samples.

Figure 13. Wahluke Unit 6 grain-size analysis results, for the seven samples.
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Figure 14. Wahluke Unit 8 grain-size analysis results, for the five samples.

Radiocarbon Dates
A total of four bone samples were sent for radiocarbon dating, but only two had sufficient
collagen preservation: Unit 4 (22) and Unit 5 (4). Table 7 lists relevant information. Sample
location within the test unit and possible terrace location is in Figure 6.
Radiocarbon dating of bone from Unit 4 (22) yielded an age of 1694-1537 cal yrs BP
(Fig. 8). Raw data is in Appendix A. Radiocarbon dating of bone provided an age of 2126-1993
cal yrs BP for Unit 5 (4 at the base of stratum II (Fig. 8). Raw data is in Appendix A. Samples
from Unit 5 level 3 and Unit 5 level 8 had insufficient collagen and were not dated.

Table 7. Radiocarbon dates from Unit 4 and Unit 5. Dating was performed by DirectAMS in Bothell, WA.
Conventional radiocarbon ages were calibrated to calendar years before present (BP) using OXCal 4.4 online,
with the default curve of IntCal 20 (Reimer et al., 2020). Original lab report is in Appendix A.
Laboratory
sample number
D-AMS 046331

Field
sample
number
Unit 4 level
22

14C

age, yrs
BP

Cal BP (1
sigma)

Location

Sample type

Source

1706 +/- 23

1694-1537

Terrace 3,
Unit 4 (22)

Bone
(collagen)

Central
Washington
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D-AMS 046332
D-AMS 046333
D-AMS 046334

Unit 5 level
3
Unit 5 level
4
Unit 5 level
8

insufficient collagen
preservation
2096 +/- 24

2126-1993

insufficient collagen
preservation

Terrace 3,
Unit 5 (3)
Terrace 3,
Unit 5 (4)
Terrace 3,
Unit 5 (8)

Bone
(collagen)
Bone
(collagen)
Bone
(collagen)

Archaeological
Survey

Overbank Deposit Survey
Fine-grained laterally extensive deposits were identified by boat reconnaissance and
pedestrian surveys, at Vernita Bridge and White Bluffs Boat Launch. Surveying used a
combination of tripod-mounted level, hand level, and laser range finding.
Three outcrops were measured at the Vernita Bridge cross-section (Table 8). VB003 was
the highest elevation measured at 127.8 m, while VB002 was the lowest elevation measured at
127.1 m. Outcrops were observed to be laterally continuous and fine grained (Fig. 15). The lack
of proper permitting negated the ability to excavate and positively identify stratigraphic layers
that were faintly visible.
Table 8. Fine-grained sediment locations (UTM) and elevation measurement of the top of the deposit.
Simulated water-surface elevations were subtracted from deposit elevation to determine inundation depth.
1894
1948
flood
1894
flood
1948
Deposit
Survey
Deposit location
water
flood
water
flood
elevation
ID
(UTM)
surface
inundation
surface
inundation
(m)
elevation depth (m) elevation depth (m)
(m)
(m)
11T 0291459
VB001
127.2
128.6
1.5
128.3
1.1
5169665
VB002

11T 0291656
5169767

127.1

128.6

1.6

128.3

1.2

VB003

11T 0291373
5169638

127.8

128.6

0.88

128.3

0.5

WB001

11T 0313903
5170741

117.3

118.9

1.6

118.7

1.4

WB002

11T 0313904
5170724

118.6

118.9

0.3

118.7

0.1

WB003

11T 0313927
5170753

118.2

118.9

0.7

118.7

0.5

WB007

11T 0313115
5171097

119.9

119.5

-0.4

119.2

-0.7

WB008

11T 0313096
5171166

121.6

119.5

-2.1

119.2

-2.4

35

WB009

11T 0312773
5171367

121.8

119.5

-2.3

119.2

-2.6

Figure 15. Fine-grained sediment deposits on left bank of Columbia River near Vernita Bridge. (A) Outcrop on
eroded edge of high, largely massive deposits at Survey Point ID VB001. (B) Top of high deposit at Survey Point ID
VB003 with adjacent lower bench of fine-grained sediment to the right.

Six outcrops were surveyed at the White Bluffs Boat Launch. The highest surveyed
elevation was recorded at the upstream high terrace, WB009, at 121.8 m (Table 8). The lowest
recorded elevation was WB007, at 119.9. Figure 16B is an image of WB008, an outcrop of
similar appear and composition to VB001 (Fig. 15A).
Downstream survey elevations were located within a backwater area. WB002 was the
highest surveyed elevation, at 118.6, while WB001 was the lowest surveyed elevation, at 117.3
m (Table 8). Pictured in Figure 16A is survey point WB002, which was observed to be finegrained laterally continuous sediment, with stratigraphy present.
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A

B

Figure 16. Fine-grained sediment deposits on the White Bluff Boat Launch peninsula. (A) Backwater eddy
location of laterally extensive fine-grained sediment with stratigraphic layers; backpack and hat pictured for
scale. (B) Channel margin cutbank of massive fine-grained sediment.

Summary of Overbank Deposit Surveys
The maximum elevation of the overbank flood deposits at the Vernita Bridge site is 127.8
m meters about sea level, at site VB003. The lowest elevation was VB002, at 127.1 m. Surveys
of the White Bluffs Boat Launch found the lowest elevation to be at 117.3 m at site WB001
within the backwater area at the downstream end of the peninsula. The highest elevation was
surveyed at the high terrace, WB009, at 121.8 m.
Hydraulic Modeling
Calibrating HEC-RAS to the 1948 flood (19,000 m3/s [690,000 cfs]) required multiple
iterations, and changes to the hydraulic roughness coefficient (Manning’s n), to equal water
surface measurements taken at the B, D, and F reactors (Woods, 1954 and Table 1). Recorded
high water elevations were 126.4 m, 122.8 m, and 119.2 m, for B, D, and F reactors,
respectively. The 1997 flood was calibrated to 118.9 m, recorded at the H reactor within an
accuracy of 0.5 m (Table 1). Manning’s n between 0.030 and 0.035 used in this study were
comparable to those used by Waichler et al. (2017) in their one-dimensional model (0.0254 to
0.0340). Present-day conditions were simulated for the date of 06NOV2021 (2,570 m3/s [90,600
cfs]) to provide a baseline flow to compare inundations and water-surface changes between
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floods (Table 1). The results created an inundation map of the Hanford Reach, stretching from
Vernita Bridge to White Bluffs Boat Launch (Fig. 17).
With the 1948 flood high water elevation and 06NOV2021 present-day elevation
calibrated, the 1997 flood was simulated using its hydrograph, keeping all parameters equal:
Manning’s n, cross-sections, and 2D Flow Options. The 1894 flood occurred prior to record
keeping, so no hydrograph data exists. To simulate this flood, the 1948 flood hydrograph was
used and the multiplicity option was multiplied by a value of 0.1, to simulate a discharge equal to
the 1894 flood (20,900 m3/s, [742,000 cfs]). All model runs used present-day topography and
bathymetry (Coleman et al., 2010). Locke Island Landslide occurred during the 1960s and
1970s, after the 1894 and 1948 floods, displacing the river channel into Locke Island (Fig. 17).
Because of this difference, modeled flow hydraulics differ from what actually occurred in that
reach, and we can only infer what floods of their magnitude would have done.
The most upstream cross-section is Vernita Bridge (Fig. 17). The 06NOV2021 watersurface elevation was 121.4 m. The 1997 flood raised the stage of the river to 126.2 m, a 4.8 m
change (Fig. 18). The 1948 and 1894 floods recorded a high-water mark of 128.61 m and 128.3
m, respectively. Left bank horizontal inundation increased to 239 m, 289 m, and 300 m for the
1997, 1948, and 1894 floods, respectively. The right bank inundation followed the same
increasing trends (Fig. 18 and 19 and Table 9).
Velocities for Vernita Bridge were observed to be highest for the 1894 flood at 2.0 m/s,
which is double the 06NOV2021 velocity (Table 9). This doubling of velocities was also
observed for average velocities (Table 9). Maximum velocities were in the channel center (Fig.
20).
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Specific stream power almost tripled from 06NOV2021 to the 1997 flood (Table 9).
Specific stream power increased 6 times for the 1894 flood. Bed shear stress also increased with
increasing flood magnitude.
Coyote Rapids was the second cross-section of the reach, but the first with a river island
(Fig. 17 and Table 9). The 06NOV2021 water-surface elevation was 120.3 m. The 1997 flood
raised the stage of the river 4.5 m to 126.4 m (Table 9). The 1948 and 1894 floods further
increased the river stage to 126.4 m and 127.2 m, respectively (Table 9). Left bank horizontal
inundation increased from a low of 456 m, for the 1997 flood, to a high of 674 m, for the 1894
flood (Table 9 and Fig. 21 and 22). Right bank horizontal inundation saw an increasing trend, as
flood discharge increased.
Velocities simulations at Coyote Rapids have left and right channel measurements on
either side of the island (Table 9 and Fig. 23). Left channel maximum and average velocities
measurements doubled like those of Vernita Bridge, but right channel measurements did not,
only increasing by 60% and 40% respectively. Right channel measurements were higher for all
simulations, when compared to the left channel (Table 9).
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Figure 17. Hanford Reach map with simulated 1948 and 1997 flood inundations. Red lines indicate cross-sections with historic flood and present-day watersurface elevations. Cross-sections were named for their respective locations (e.g. Vernita Bridge, structure, and Vernita Bridge, cross-section). Yellow lines
indicate B, D, and F reactor, where 1948 flood high-water elevations were recorded. The 1997 flood was calibrated to a high-water elevation at H Reactor.
Locke Island and H Reactor share the same cross-section due to their shared location. Crossed hatched area, near Locke Island, denotes the extent of the
Locke Island Landslide.
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Figure 18. Vernita Bridge cross-section showing modeled peak water-surface elevations for 06NOV2021, 1894,
1948, and 1997 floods. Purple bar represents the highest and lowest deposit elevation of VB003 (127.8) and
VB002 (127.1) (Fig.15, 17, 19, and 20). A = left bank and A1 = right bank.
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Figure 19. Aerial view of Vernita Bridge area with simulated 1948 and 1997 floods and 06NOV2021
inundation boundary (Table 9). VB001, VB002, and VB003 are the three surveyed benches of fine-grained
sediment. A = left bank and A1 = right bank.
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Figure 20. Aerial view of Vernita Bridge are with simulated 1948 maximum flood velocities (Table 9). VB001,
VB002, and VB003 are the three surveyed benches of fine-grained sediment. A = left bank and A1 = right bank.
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Table 9. Simulated data of the 1894, 1948, and 1997 floods. 06NOV2021 data was used to calibrate the model to present-day characteristics. Maximum velocity, average
velocity, specific stream power, and bed shear stress for Coyote Rapids and Locke Island, have multiple values for left and right channel.
Location

Vernita Bridge

B Reactor

High
06NOV2021 stage
water
Flood year
(m)
stage
(m)
1894
128.6
1948
128.3
121.4
1997
126.2
6-Nov-21
1894
127.2
1948
126.4
120.3
1997
124.8
6-Nov-21

Coyote Rapids

119.4

Wahluke Slope

118.3

D Reactor

118.0

Locke Island

115.3

F Reactor

113.9

White Bluffs
Boat Launch

113.8

7.2
6.9
4.8

Left bank
horizontal
inundation
(m)
300
289
239

Right bank
horizontal
inundation
(m)
239
222
136

6.9
6.1
4.4

1435
1405
1130

40
38
25

Change in
elevation
(m)

1894
1948
1997
6-Nov-21
1894
1948
1997
6-Nov-21
1894
1948
1997
6-Nov-21

127.1
126.0
123.9

7.6
6.5
4.5

674
646
456

123
118
77

125.0
124.5
122.2

6.7
6.2
3.9

485
467
369

61
59
41

123.8
122.8
121.7

5.8
4.8
3.7

633
622
549

29
26
7

1894
1948
1997
6-Nov-21
1894
1948
1997
6-Nov-21
1894
1948
1997
6-Nov-21

121.5
121.2
118.9

6.1
5.8
3.6

67
62
53

218
215
182

119.5
119.2
118.9

5.6
5.3
5.0

139
132
123

39
37
25

118.9
118.7
116.8

5.2
4.9
3.0

182
160
49

45
43
27

2

2

Max velocity (m/s)

Average velocity (m/s)

Specific stream power (W/m )

Bed shear stress (N/m )

2.0
1.9
1.4
1.0
1.6
1.5
1.3
0.9

1.3
1.3
1.0
0.6
0.9
0.9
0.7
0.5

280
265
171
47
182
172
111
41
Left channel
Right channel
462
375
451
358
347
239
167
61
286
270
173
49
240
226
142
41
Left channel
Right channel
703
286
761
269
566
196
136
52
349
328
190
49
259
245
157
36

224
208
175
73
199
194
162
83
Left channel
Right channel
502
289
499
279
506
206
436
72
225
219
188
94
199
194
163
75
Left channel
Right channel
566
230
556
224
453
186
208
73
222
217
179
102
181
169
132
56

Left channel
1.3
1.2
0.9
0.5

Right channel
1.6
1.6
1.4
1.0

Left channel
0.9
0.9
0.7
0.4

1.7
1.6
1.3
0.7
1.6
1.5
1.2
0.7
Left channel
1.7
1.8
1.4
0.8
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1.3
1.2
0.9
0.5
1.2
1.2
0.9
0.6
Right channel
1.8
1.6
1.3
1.0

2.0
1.8
1.4
0.7
1.9
1.8
1.4
0.8

Right channel
1.3
1.3
1.2
0.9

Left channel
1.2
1.4
1.3
0.7

Right channel
1.2
1.2
1.1
0.7
1.6
1.5
1.1
0.5
1.4
1.4
1.2
0.6

The lowest specific stream power was in the right channel at 61 W/m2 for the
06NOV2021 (Table 9). This rose to 239 W/m2, for the 1997 flood and peaked at 375 W/m2, for
the 1894 flood (Table 9). Left channel specific stream power was higher throughout all four
simulations, with the maximum value of 462 W/m2 during the 1894 flood. Right channel bed
shear stress was found to increase with increasing discharge, but right channel bed shear stress
was highest during the 1997 flood 506 N/m2. The values between the three floods only varied by
7 N/m2.
The Wahluke Slope is the midway cross-section of the reach and saw further watersurface increases as flood discharge increased (Fig. 17 and Table. 9). The high-water stand of
the 1894 flood was 6.7 m greater than the 06NOV2021 water-surface elevation (Table 9). Left
bank horizontal inundation increased from a low of 369 m, for the 1997 flood, to a high of 485
m, for the 1894 flood (Table 9 and Fig. 24). The right bank horizontal inundation increased, but
only to a maximum inundation of 61 m for the 1894 flood (Fig. 25).
Wahluke Slope maximum and average velocities more than doubled as flood discharge
increased (Table 9 and Fig. 26).
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Figure 21. Coyote Rapids cross-section showing the modeled peak water-surface elevations for 06NOV2021,
1894, 1948, and 1997 floods. Coyote Rapids was the first cross-section with a river island. A = left bank and A1
= right bank. Purple dot represents the location and elevation of flood debris, probably from 1894 or 1948 flood.

Specific stream power increased as flood discharge increased, rising from a 06NOV2021
of 49 W/m2 to 286 W/m2 in the 1894 flood (Table 9). The bed shear stress for all three floods
was greater than any other single channel section of the river. The bed shear stress of 94 N/m2
for 06NOV2021 was only outperformed by the F reactor section.
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Flood debris

Figure 22. Aerial view of Coyote Rapids with simulated 1948 and 1997 floods and 06NOV2021 inundation
boundary (Table 9). Black dot represents flood debris, elevation 125 m. A = left bank and A1 = right bank.
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Flood debris

Figure 23. Aerial view of Coyote Rapids with simulated 1948 maximum flood velocities (Table 9). Black dot
represents flood debris, elevation 125 m. A = left bank and A 1 = right bank.
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Figure 24. Wahluke Slope cross-section showing the modeled peak water-surface elevations for 06NOV2021,
1894, 1948, and 1997 floods. A = left bank and A1 = right bank.

Locke Island was the second river cross-section that intersected a river island (Fig. 17
and 27). The water-surface elevation was greatest with the 1894 flood, at 121.5 m, a change of
6.1 m for the 06NOV2021 measurement (Table 9). The 1894 flood inundated the majority of
Locke Island, with only the higher elevation middle portion left exposed (Fig. 27 and 28).
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Figure 25. Aerial view of the Wahluke Slope with simulated 1948 and 1997 floods and 06NOV2021 inundation
boundary (Table 9). A = left bank and A1 = right bank.
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Figure 26. Aerial view of the Wahluke Slope with simulated 1948 maximum flood velocities (Table 9). A = left
bank and A1 = right bank.
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The maximum velocities on the right channel at Locke Island increased as flood
discharge increased, but the left channel showed a decrease with the 1894 flood (Table 9).
Average velocities for both channels were very similar to each other, only varying by 0.2 m/s for
the 1997 and 1948 floods. The left channel velocities are focused near the constriction of the
landslide cutbank, but upstream and downstream channel velocities show a sudden decrease,
isolating this section (Fig. 29). Low velocities areas are along the top of the island, with a
significant low velocity area near the eroded cutbank, caused by the landslide (Fig. 29).
The highest specific stream power values were observed at Locke Island, with the 761
W/m2 of the 1948 flood discharge greater than the 703 W/m2 of the 1894 flood discharge (Table
9). The right channel did not have this specific stream power decrease with higher discharge.
Bed shear stress increased with increasing flood discharge within both channels. The largest
values were found within the left channel for the 1894 and 1948 floods (Table 9).
The final cross-section was the White Bluffs Boat Launch. Inundation rose from a
06NOV2021 stage of 113.8 m to 116.8 m, 118.7 m and 118.9 m for the 1997, 1948, and 1894
floods respectively (Fig. 17 and Table 9). The upstream terrace was at an elevation that all
simulated floods could not exceed (Fig. 30). The high stage for the 1948 and 1894 floods would
be able to overtop fine-grained laterally continuous deposits at the southernmost point of the
peninsula (Fig. 31). Left bank horizontal inundation was the greatest at 182 m, for the 1894
flood (Table 9 and Fig. 32). 1894 flood right bank horizontal inundation recorded the greatest
value at 45 m (Fig. 32 and Table 9).
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Figure 27. Locke Island cross-section showing the modeled peak water-surface elevations for 06NOV2021,
1894, 1948, and 1997 floods. Orange bracket indicates the location and approximate elevation extent of the
Locke Island cutbank (Bjornstad et al., 1998; Bjornstad, 2006). A = left bank and A1 = right bank.
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Figure 28. Aerial view of Locke Island with simulated 1948 and 1997 floods and 06NOV2021 inundation
boundary. Letter “H” represents the H Reactor, which was used to calibrate the model for the 1997 flood (Table
1). Peak high-water reading was 118.9 m. A = left bank and A1 = right bank. Four Locke Island monitoring
locations are marked with red dots. Cross-hatched area represents the extent of the Locke Island Landslide,
which occurred during the 1960s and 1970s.
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Figure 29. Aerial view of Locke Island with simulated 1948 maximum flood velocities (Table 9). The white
diamond with a letter “H” represents the H Reactor, which was used to calibrate the model for the 1997 flood
(Table 1). A = left bank and A1 = right bank.
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Maximum velocities rose with flood discharge, with the 1894 flood equaling Vernita
Bridge, at 2.0 m/s (Table 9 and Fig. 33). Average velocities also rose with flood discharge.
The lowest specific stream power was observed at 36 W/m2, for the 06NOV2021
simulation (Table 9). Specific stream power was observed to be consistently lower, when
compared to other single channel sections. Similar to specific stream power, bed shear stress
was found to be lower than other single channel sections. Bed shear stress were the lowest for
all floods and 06NOV2021.

Figure 30. White Bluffs Boat Launch cross-section showing the modeled peak water-surface elevations for
06NOV2021, 1894, 1948, and 1997 floods. Purple bar represents the highest and lowest deposit elevations of
WB002 (118.7 m) and WB001 (117.3 m) (Fig. 15, 30, and 32). Black bar represents the highest and lowest
elevation of the upstream terrace, WB009 (121.8 m) and WB007 (119.9 m). A = left bank and A1 = right bank.
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Figure 31. F Reactor cross-section showing the modeled peak water-surface elevations for 06NOV2021, 1894,
1948, and 1997 floods. D Reactor 1948 flood high-water mark was 390.9 ft (119.1 m). Black bar represents the
highest and lowest deposit elevation of WB009 (121.8) and WB007 (119.9) (Fig. 15, 30, and 32). A = left bank
and A1 = right bank.
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Figure 32. Aerial view of White Bluffs Boat Launch with simulated 1948 and 1997 floods and 06NOV2021
inundation boundary (Table 9). WB001, WB002, and WB003 are the three surveyed fine-grained deposits. The
white diamond with a letter “F” represents the F Reactor, which was used to calibrate the model for the 1948 flood
(Table 1). A = left bank and A1 = right bank.

58

Figure 33. Aerial view of Locke Island with simulated 1948 maximum flood velocities (Table 9). The white
diamond with a letter “F” represents the F Reactor, which was used to calibrate the model for the 1948 flood (Table
1). A = left bank and A1 = right bank. WB001, WB002, and WB003 are the three surveyed fine-grained deposits.
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Summary of Hydraulic Modeling Results
As expected, the 1894 flood recorded the highest stage and greatest horizontal inundation
at each cross-section (Table 9). These values were generally proportionally less for the 1948 and
1997 floods. Channel size and morphology resulted in a relatively small difference in the watersurface elevation and inundation between the 1894 and 1948 floods (Table 9).
Coyote Rapids and Locke Island were major river islands partly inundated by the 1894
and 1948 floods (Fig. 22 and 28). This is illustrated by flood debris on Coyote Island (Fig. 21,
22 and Table 1) and flood deposit stratigraphy on Locke Island (Fig. 34).

Figure 34. Locke Island cutbank with flood deposit stratigraphy.

Within single channel stretches, velocity increased as the total discharge increased, with
the 1894 flood recording a maximum velocity of 2 m/s at Vernita Bridge and F Reactor (Table
9). The multi-channel reach at Coyote Rapids showed the same pattern. However, the 1894 and
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1948 floods at Locke Island deviated from this pattern (Table 9). The right channel of Locke
Island showed increasing maximum velocity with an increase in total discharge, but not the left
channel. The 1948 flood velocity was found to be 1.8 m/s, 0.1 m/s greater than the 1894 flood.
Average velocity findings were also found to decrease from the 1948 to 1894 flood, by 0.2 m/s
(Table 9).
There was a progression of greater specific stream power with an increase in flood
discharge, with the exception of the left channel around Locke Island. As with the velocity, the
stream power of the 1948 flood was greater than that of the 1894 flood, 761 W/m2 to 703 W/m2
(Table 9). The largest values were seen within the left multi-channel stretches of Coyote Rapids
and Locke Island, the latter being larger.
Bed shear stress increased throughout the reach, except within the left channel of Coyote
Rapids. The highest calculated measurement was from the 1997 flood (Table 9), but all three
floods were within a 7 N/m2 value. The largest bed shear stress values were found in the left
channels at Coyote Rapids and Locke Island.
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CHAPTER IV
DISCUSSION
Flood Inundation
Archaeological sites along this stretch of the Hanford Reach are influenced by the fluvial
geomorphology of the river. Large Columbia River floods with discharges similar or greater
than those of the 1894 and 1948 floods have inundated fluvial terraces (H3 and H4) that contain
known archaeological sites (Fig. 35, 36, and Table 9).

Figure 35. Holocene terraces modified and interpreted from Fecht and Marceau (2006; Fig. 3), with simulated
flood water-surface elevations. Wahluke test units are included in their interpreted location and excavation depth,
labeled below, from the work of Chatters and Hackenberger (1989; S. Hackenberger, personal communication,
2021).

62

Figure 36. Longitudinal profile of modeled floods and flow, through the study area. Elevation survey of Vernita Bridge and White Bluffs Boat Launch are
shown to be inundated by the 1894 and 1948 floods. Elevation survey at F Reactor was not inundated by any floods. Flood debris at Coyote Rapids was
shown to be above the maximum water-surface elevation of the 1997 flood, but below those of the 1894 and 1948 floods. X’s mark elevations at reactors
used for calibration of historic floods and 06NOV2021.

63

Changes to simulated water-surface elevation, >6 m above river low, were observed from
Vernita bridge to the Wahluke Slope for the 1948 flood, and as far downstream as Locke Island
for the 1894 flood (Table 9). Fecht and Marceau (2006) identified H3 terrace to be 6 m above
river low elevation, with H4 terrace 5 m above river low elevation. This puts both terraces
within the inundation range of the 1894 and 1948 floods, with the only exception being the
White Bluffs Boat Launch reach of the study area. Explanations for the downstream decrease in
maximum water-surface elevations can be explained by channel expansion where a backwater
eddy was identified by pedestrian surveys and hydraulic modeling (Fig. 32). Channel expansion
created the backwater eddy, but also created the decrease in maximum water-surface elevation.
Maximum velocity and average velocity increased through this stretch of the river because the
sudden increase of depth from Locke Island to the White Bluffs Boat Launch offsets the velocity
loss due to channel expansion (Fig. 26 and 36).
With a decrease in velocities along channel margins, competency also decreases leading
to deposition of entrained sediments. Laterally continuous fine-grained sediments were observed
along channel terraces (Fig. 15 and 16), which could possibly bury cultural material, hence
preserving them. The best example of this was found at the southern tip of the White Bluffs
Boat Launch (Fig. 16).
Stratigraphic Interpretation
Wahluke excavations were placed along the H4 terrace to determine the nature and depth
of deposits in the distinct areas of the site (Appendix C and D) (Fig. 37). Stratigraphic
descriptions from Chatters and Hackenberger (1989) provide one line of evidence for the
accretion during overbank deposition. A decrease in velocity along channel margins creates a
decrease in river competency. As floodwaters wain, deposition of coarser grains is followed by
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finer grains. Wahluke Unit 5 stratum I was described as a graded bed, from fine to medium sand
to sandy silt. Particle-size analysis of sediments from Wahluke Unit 5 showed that the top of
stratum I, just below the abrupt irregular contact with stratum II, to be very fine sand, while 20
cm below the sediments are medium to coarse sand (Fig. 8 and 12). This pattern agrees with the
original description of grading by fluvial deposition. As water-surface elevation increased to the
point of inundation, depositional energy also increased, but as flows waned, coarser grains
followed by the fine grains were deposited (Fig. 8 and Table 3). Therefore, the sedimentological
characteristics of stratum I indicate that it is probably fluvial.
HEC-RAS modeling indicated Wahluke Unit 5 was inundated by the 1894 and 1948
floods by 1.7 and 1.3 m, respectively, and prior to the emplacement of stratum II and III, these
figures could be increased to 2.2 and 1.7 m (Fig. 35). Dating of bone 20 cm above stratum I
indicates that the possible flooding event occurred before 2126-1993 cal yrs BP, toward the end
of sediment accumulation on H4 terrace (Fecht and Marceau, 2006) (Fig. 8 and 37 and Table 7).
The abruptness of this contact indicates subaerial exposure after deposition, while the irregularity
of this contact and its location near the edge of terrace 4 are possibly an erosional rill, and/or
anthropomorphic disturbance, due to fire cracked rocks and other artifacts being recovered at this
depth (Chatters and Hackenberger, 1989; Appendix C and D). Stratum III is identified as the
modern-day eolian geomorphology (Fig. 37).
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Figure 37. Interpretation of Holocene terrace H4, with Wahluke test pits and stratigraphic profiles placed in their respective positions (S. Hackenberger,
unpublished data, 2022). Strata with clear interpretations are labeled. Strata unlabeled are undetermined and require more analysis. Radiocarbon dates are
placed at Wahluke Unit 5 (4) and Wahluke Unit 4 (220). Italicized radiocarbon dates are from S. Hackenberger, unpublished data, 2022. Columbia River
shoreline is toward the right of the figure. Original stratigraphic columns can be found in Figures 7-10, with descriptions in Tables 2-5.
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Prior interpretations of Wahluke Unit 4 were thought to be cycles of flood deposits,
cultural horizons, and eolian deposits (Chatters and Hackenberger, 1989; Appendix C and D).
Stratum XXII is identified as the modern-day eolian geomorphology (Fig. 7 and 37). Stratum
XX was described as a thin, well sorted, fine sand and silt, interpreted by Chatters and
Hackenberger (1989) to be deposited by the 1894 flood (Fig. 7 and Table 2). Particle-size
analysis offers evidence for stratum XX being of flood origin. Particle-size analysis of sediment
sample Wahluke Unit 4 (3), situated at or near this stratum, found it to be a medium to coarse
sand with 10% very fine sand. The simulated maximum velocity was able to transport medium
to coarse sediment, with this velocity decreasing towards the archaeological sites. Contacts
between the overlying strata offers more evidence for the flood origin of stratum XX. Bounding
strata were originally described as being poorly sorted silty very fine to coarse sand, with mottles
(Table 2). The originally described sedimentological difference between stratum XX and its
bounding strata are interpreted here to indicate a change in depositional process. These changes
were sudden due to the abrupt upper and lower contacts with stratum XIX and XXI, indicating a
period of subaerial exposure.
With present-day channel geometry, HEC-RAS simulations indicate that floodwaters
would inundate this unit, depositing successive sediment layers until only the floods with the
largest discharge could over top this unit (Fig. 7). The simulated 1894 and 1948 floods were
able to inundate Wahluke Unit 4 (Fig. 35 and Table 9), but the inundation depth was 0.5 m
greater for the 1894 flood than the 1948 flood. This would allow for a greater amount of
sediment laden water to potentially create stratum XX. Unpublished data from S. Hackenberger
2022 place stratum XX younger than 160 12C yrs BP (Fig. 37). The 1894 flood was more likely
to create the stratum, but without precise dating the 1948 flood cannot be excluded.
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The grading of Wahluke Unit 4 stratum I is an indication of sorting by fluvial forces,
which coincides with the original authors’ interpretation of stratum I and II as fluvial in origin
(Fig. 7). There is an abrupt contact between stratum I and II, which indicates a sudden
depositional change, and this change is also seen between stratum III and IV. The charcoalstained nature of stratum III and the appearance of fire-cracked rock indicate the earliest cultural
horizon. The thicker lower strata of interpreted fluvial deposits indicate deposition by lower
more frequent discharge floods. Radiocarbon dating of stratum I placed its age between 1694
and 1537 cal yrs BP, younger than the dated sediments on H4 terrace. The age difference may
be a consequence of burrowing animals or natural fissures (Albarella, 2016). Animals like moles
and rabbits burrow voids that can displace younger material into older strata. Desiccation can
create the same issues, with natural fissures creating voids, within the soil.
As velocity decreases so too does river competency, enabling deposition to occur.
Simulated velocities were <1 m/s, near the archaeological sites, allowing for interpretations of an
1894 or 1948 flood deposit. It can be assumed that floods of the 1894 and 1948 magnitudes have
occurred throughout prehistory, but there is a lack of a thick continuous record. The amount of
sediment in suspension during these floods is unclear. Floodwaters entering this simulated crosssection may have been depleted or near depleted of sediment, leaving little to be deposited
because of the broad river channel. These large magnitude floods may also have played a role in
destroying prior deposits (Baker, 1987, 2008). Eolian forces may have played a role in
destroying or obscuring the flood record (Waters and Kuehn, 1996). Another possibility is that
thick continuous records were not discovered because the small (1x1 m) excavations did not
provide the lateral extent needed for discovery.

68

Wahluke Unit 4 was placed in an area believed to be in a building or farm, since
removed. This protected the area from looting but creates difficulties in interpreting the
stratigraphic record. The mottling of strata XIX and XXI indicate human interactions, which
were noted by the original authors, because of the 5-10 cm thick layer of manure at the top of
stratum XXI (Chatters, Hackenberger, 1989, Appendix C and D). Organic stained silts and
compacted clayey silts were interpreted to represent house floors and fill (Chatters,
Hackenberger, 1989, Appendix C and D). Between 70 and 130 cm, these are found in the
greatest concentration (Fig. 7). This depression may have been a sediment trap that allowed the
accumulation of fluvial sediments interbedded with cultural horizons.
Wahluke Unit 6 and 8 were excavated in a circular depression, thought to be a prehistoric
house feature, 5 m above low river level on H4 terrace (Chatters and Hackenberger, 1989,
Appendix C and D). The uppermost strata of both units are identified as the modern-day eolian
geomorphology (Fig. 37). Grain-size analysis of the six samples were dominantly medium to
coarse sand. Grain-size analysis of Wahluke Unit 6 (5) showed it to have a composition of 17%
very fine sand (Fig. 13). This may indicate some eolian deposition in the house feature or a form
of anthropogenic modification. The base of Wahluke Unit 6 is an indication of where the extent
of the ancestral riverbank was prior to river incision and is older than 290 12C yrs BP (S.
Hackenberger, unpublished data, 2022). Stratum contacts were dominated by gradual changes.
Particle-size analysis of Wahluke Unit 8 (2) shows a bimodal distribution of medium/coarse sand
and very fine sand, which can be from sediment reworking (Donghuai et al., 2004; Lin et al.,
2016). The base of Wahluke Unit 8 is of fluvial origin, because of the rounded pebbles and
subangular and subrounded grains (Fig. 10). Simulated velocities were <1 m/s along the H4
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terrace, making the tread an area of deposition rather than erosion. Strata identified to be fluvial
are possible slackwater flood deposits, but more geologic excavations are needed.
Strata that are not positively identified as either fluvial or eolian deposits are left for
future interpretation. Coarse sands are loosely interpreted as alluvium, due to their vicinity near
the river. The lack of originally described sedimentary structures leaves the burden of
interpretation on grain size, which is variable between processes.
Eolian surficial deposits dominate the landscape today and range from very fine to fine
sand. The uppermost strata of all units exhibit this type of deposit, but only Wahluke Unit 4 had
deeper strata that were similar. The very find to fine sand sediment size is seen throughout the
stratigraphy of Wahluke Unit 4, with the base being identified as fluvial in origin, but strata VI
through VIII, a 50 cm segment, was left unidentified. Further research will be needed to identify
whether these are fluvial or eolian. If the strata are fluvial, this may indicate a present-day
change to more eolian-dominated deposition. Dam construction ended fluvial deposition on the
higher terraces and limited sediment supply and maybe the catalyst for this change.
Areas of Slackwater Flood Deposits
Thick fine-grained slackwater flood deposits were not observed at all areas of interest.
Archaeological sites, long broad river stretches, and lack of vegetation in the past may not be
conducive to slackwater sediment accumulation and preservation. Archaeological site
excavations and their anthropogenic interactions may favor the modification, destruction, or
absence of any potential slackwater flood deposits. Long broad stretches of the Hanford Reach
may have their flood waters depleted in sediments depositing them upstream near the beginning
of expansion. Prior to dam building, large discharge floods and the arid environment prevented
the growth of riparian vegetation. This vegetation assists in deposit preservation, and mitigation
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of eolian modification. Two areas of slackwater flood deposits, and possible preservation of
archaeological material were identified, to verifying degrees, within the Hanford Reach: (1) the
southernmost end of the White Bluffs Boat Launch, and (2) Locke Island.
HEC-RAS and fieldwork identified the White Bluffs Boat Launch and Locke Island to be
areas of slackwater flood deposits (Fig. 32 and 33). The White Bluffs Boat Launch deposits are
in a backwater eddy and were modeled and surveyed to be inundated by the 1894 and 1948
floods (Fig. 30, 32, and 36). Field descriptions characterized the outcrop as fine-grained,
laterally extensive, and displays stratigraphy (Fig.16).
Simulated 1894 and 1948 flood waters flowed around and eventually inundated Locke
Island, creating an area of flow separation. This flow separation area is ideal for slackwater
flood deposits. Boat observations and stratigraphy, described by Bjornstad, (1998) display a
flood record dating back to the mid-Holocene (Fig. 34).
Locke Island Inundation
HEC-RAS simulations indicate that floods with the magnitude of the 1948 and 1894
floods would inundate the majority of Locke Island, including the erosion monitoring location.
The 1997 flood was unable to inundate to the extent of the larger floods, only inundating the
northern portion of the island (Fig. 28 and 34). The lowest strata in the stratigraphic sections
have the largest average thickness 1.0-1.25 m (Bjornstad et al., 1998). Floods with the discharge
of the 1894 and 1948 flood, incrementally deposited sediment, increasing the height of the island
and the discharge required for further deposition. As the island grew in elevation, strata
thickness decreased 0.75 to 0.5 m, (stratum 2 has an average thickness of 1.0 m, thickened by
eolian influences) (Bjornstad, 2006). After 1800 yrs BP a distinct slowing of top strata
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accumulation occurred, indicating a change of sedimentation to more rare high discharge floods
with the ability to inundate the island.
Locke Island Erosion
Little documentation exists for geomorphic changes caused by the 1894 and 1948 floods,
and if we take this to mean little to no geomorphic effects occurred, then the erosive effect of the
1997 flood was principally caused by the anthropogenic landslide, with the landslide displacing
the river into the island (Bjornstad et al., 1998; Bjornstad, 2006), and the saturation of the soil
prior to the event (Tengbeh, 1993).
The Locke Island Landslide was a sudden geomorphic change that disrupted channel
equilibrium, which would be accounted for by bank erosion of the Holocene sediments of Locke
Island. The Locke Island Landslide narrowed the left channel from a maximum width of 450 to
150 m (Bjornstad et al., 1998; Bjornstad, 2006). The decrease in width led to the increase in
specific stream power, and geomorphic change not reported during the 1894 and 1948 floods.
Low intensity erosion was most likely present and continuous since the emplacement of the
landslide, but once channel diversion and narrowing reached a critical threshold, high intensity
events, such as the 1997 flood, would cause erosion orders of magnitude larger. The sediments
would later be redeposited as sand bars on the island’s southern extent.
Channel morphology is a process mainly influenced by bank erosion and deposition,
which create and develop different channel forms. Precipitation is the primary means for water
input to a landscape, with the amount, duration, and intensity of rainfall leading to soil
saturation. The cohesion of bank sediments varies with the level of saturation, with saturated
soils having reduced shear strength, because positive pore water pressure forces sediments apart,
thereby reducing the amount of shear stress needed for transport. During the years of 1996 and
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1997, Washington was exceptionally wet with mean precipitation 125-175% greater than usual
(Halpert and Bell, 1997). The unusual amount of precipitation acted as a weakening factor,
which “prepared” Locke Island for erosion. Another effect of the high erosion rates was that the
waters of the Columbia River were not pure water with a density of 1000 kg/m3, which is often
assumed, for the calculation of stream power. An increase in density would raise the specific
stream power figures beyond what was estimated using the HEC-RAS model.
Channel narrowing increased specific stream power and shear stress, while soil saturation
decreased soil shear strength, creating a failure plane seen as the 400 m long cutbank. The
causes, acting independently, would have produced erosion on a scale that was overlooked
during the 1894 and 1948 floods, but working in an interrelated manner created the noticeable
erosion and loss of cultural material.
Areas of Erosional Concern
Floods of the extent of the 1894 and 1948 are unlikely due to extensive damming
upstream, but their simulated specific stream power can be applied as a benchmark for the
Columbia River’s largest historic floods and the geomorphic change that could occur. The
simulations of both floods were found to have specific stream power >700 W/m2 within the left
channel of Locke Island (Table 9). Yochum et al., (2017) found that during the 2013 Colorado
Front Range Flood, stream power values of this magnitude correlate to substantial channel
widening or geomorphic change. Observing the findings from the 1997 flood, the largest
historical floods would have a substantial erosional effect and loss of cultural material for Locke
Island if they were to occur today. This cannot be solely attributed to their magnitudes, but to
the geomorphic changes created by the Locke Island Landslide.
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Using the specific stream power and bed shear stress values seen on the left channel of
Locke Island during the 1997 flood (Table 9) as an indication for similar changes elsewhere,
flood magnitudes equal to those of the 1894 and 1948 floods would not approach these values at
other sites within the study area. Major geomorphic change has been noticed on rivers with
stream power values of 45 W/m2 (Miller, 1990), which would include most values of normal
flow through the reach (Table 9). Geomorphic change has not been recorded during normal
flows, thereby limiting major change to larger, less frequent floods. This indicates that
substantial channel widening is limited to Locke Island. Yochum et al., 2017 found that credible
(25% potential) to likely (75% potential) bank erosion was achieved between the values of 190
to 430 W/m2, and these values are seen at the F Reactor, during the large floods. HEC-RAS
simulations showed that the area near the F Reactor was able to achieve credible erosion for the
1997 flood (Table 9 and Fig. 38). The steep banks are vulnerable to undercutting during floods,
with increasing likelihood as discharge increases. The 1894 and 1948 floods would cause likely
bank erosion within Vernita Bridge, Wahluke Slope, and White Bluffs Boat Launch (Fig. 38).
These three locations are similar to F Reactor with steep cutbanks and vulnerability to
undercutting.
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Figure 38. The Hanford Reach and identified areas of erosion and deposition, encompassing Vernita Bridge to F Reactor. Areas of erosion potential are
characterized as credible (low), likely (medium), and very likely (high). Letters, within white diamonds, represent the former nuclear reactors.
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The Coyote Rapids section of the river exhibits high specific stream power and bed shear
stress values. No geomorphic change was observed for Coyote Rapids during the 1997 flood.
The lack of high steep banks, like those of Vernita Bridge, were not conducive to major
geomorphic change, but deposition at the point bar downstream (Fig. 22, 23 and 38). The left
channel is also located on the point bar of the river, a natural point of deposition, and possibly
skewing the SSP due to the narrowness.
Areas of Deposition
Depositional areas are interpreted to be immediately downstream from three erosional
areas: Coyote Rapids, Locke Island, and White Bluffs Boat Launch (Fig. 38). Coyote Rapids
and Locke Island depositional bars have been identified previously (Fecht and Marceau, 2004;
Bjornstad, 2006). This research would argue that the White Bluffs Boat Launch slackwater
deposits are similar to those of Coyote Rapids and Locke Island, in that once major erosion
occurs, sediments are transported a distance before the coarsest sediments fall out of suspension
and are deposited. A difference to be noted with the White Bluffs Boat Launch is that these
deposits are only inundated by the largest floods, 1894 and 1948.
Consequences from Columbia River Damming
Today, the 1894 (742,000 cfs) and 1948 (690,000 cfs ) flood discharges are significantly
higher than the 100- and 500-year flood estimates (445,000 and 520,000 cfs) for the regulated
river flows, making their occurrences unlikely (Waichler et al., 2017). This is due to heavy
regulation by mid-20th century damming, with the last dam completed in 1984 (Waichler et al.,
2017). Prior to this, discharges through the reach regularly exceeded 400,000 cfs, but afterward
only the 1997 flood would do so (Fig. 4). Three consequences from Columbia River damming
were identified as: 1) the discontinuation of episodic large floods inundating H3 and H4 terraces
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and therefore the potential of deposition ceased; 2) present-day floods are erosion focused; and
3) growth of non-native riparian vegetation.
Prior to the construction of the dams, sediment laden 100- and 500-year floods had the
ability to inundate the H3 and H4 terraces. Dam construction eliminated sediment deposition at
higher elevations, also eliminating preservation and rendering archaeological sites visible to
pedestrian surveys. With the termination of sediment laden flood waters, an elimination of
source material for eolian deposits also occurred. Wind erosion of prior fluvial or eolian
deposits, which encased artifacts, will now expose artifacts to modification by rainfall runoff,
dune migration, and vandalism. The two former are natural causes which increase down-slope
movement, while the later an anthropogenic cause. Vandalism of cultural material is well
documented in the reach (Jones et al., 1974; Rice and Chavez, 1980; Fecht and Marceau, 2004),
with protection now solely governed by their vicinity to the Hanford National Monument. The
change from depositional to predominantly erosional forces is not limited to the surface of the
terraces, but also their exposed flanks.
The 1997 flood was unable to inundate terraces H3 and H4, but erosive undercutting
poses a threat to their continued preservation. Streambank erosion contributes to the alteration
and loss of archaeological and cultural material investigated here, in other reports (Bjornstad et
al., 1998; Bjornstad, 2006), and with the 1996 accidental discovery of the Ancient One; formerly
known as the Kennewick Man (Taylor et al., 1998; Chatters, 2000). Prior to damming, the
erosive effects of floods were spatially distributed along the entire face of the terrace scarp, but
damming has focused this on the terrace base. The new focal point creates scarps prone to
erosion because of overhang collapse.
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Effects of Columbia River damming are not limited to negative outcomes for cultural
preservation. Prior to the building of the dams, large episodic floods would inundate and inhibit
the growth of riparian vegetation. The sandy geomorphology allowed for the riverbanks to be
easily disturbed and well drained, providing little to soil development. With the ending of large
floods, soil stability occurred and the colonization of riparian vegetation began. Today, this can
be seen by the stark contrast of tree growth along the river and nowhere else. Increased riparian
vegetation decreases the effects of erosion, therefore potentially decreasing the loss of cultural
material (Micheli and Kirchner, 2002; Bennett and Simon, 2013; Polvi et al., 2014; Mao et al.,
2020).
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CHAPTER V
Conclusions
This study of the interaction between the Columbia River floods and preservation of
cultural material clearly indicates a multitude of factors spread over an immense area, which all
contribute to the geomorphology, behavior, and management of the Hanford Reach.
Four archaeological sites on the H4 terrace, 6 m above river low level, and prior
archaeological stratigraphic descriptions and field notes were used to interpret the presence of
strata of fluvial origin. The base strata of Wahluke Units 6 and 8 is an indication of where the
extent of the ancestral riverbank was prior to river incision, due to the presence of river cobbles
and a sandy silt matrix. Strata with fine-grained sediments, grading, and abrupt contacts, which
are characteristics of slackwater flood deposits, were found within Wahluke Units 4 and 5. One
stratum from Wahluke Unit 5 and three strata from Wahluke Unit 4 were identified to be of
fluvial origin. Using HEC-RAS modeling, the largest historical floods in 1894 and 1948 were
determined to have inundated H4 terrace. The uppermost fluvial stratum in Wahluke Unit 4 was
probably created by either the 1894 or 1948 flood.
HEC-RAS simulations identified stretches of the river where the 1894 and 1948 flood
inundation historically occurred. Floods with discharges approaching 690,000 cfs (19,000 m3/s)
had the ability to inundate Holocene terraces H3 and H4, which have known cultural material
within them. Overbank surveys and HEC-RAS results produced a maximum floodwater depth of
1.6 m, near potential slackwater flood deposits on the White Bluffs Boat Launch. Areas of
slackwater flood deposits are also potential areas for archeological preservation.
The 1997 flood was unable to inundate or potentially preserve to the extent of the 1894
and 1948 floods, but its erosive nature on Locke Island was simulated to have a specific stream
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power of 566 W/m2 and bed shear stress of 453 N/m2. The figures found here and the
documented cutbank development give a baseline estimate for post-dam 100-year floods. To
infer geomorphic change of a 500-year sized flood, the 1894 and 1948 flood were simulated with
present-day topography. Credible erosion was identified at Vernita Bridge, Coyote Rapids, and
Wahluke Slope; while likely and very likely erosion was identified at White Bluffs Boat Launch
and Locke Island, respectively.
Extensive Columbia River damming has eliminated floods of the magnitude of the 1894
and 1948, and thus fluvial sediment deposition on the higher Holocene terraces. Surficial
archaeological and cultural material are now exposed and vulnerable to modification. Recent
floods, like the 1997 flood, should now be considered the standard for large discharge floods
through the Hanford Reach. Future events will not have the ability to preserve archeological
sites on higher terraces, but solely the ability to erode them through lateral erosion and
undercutting. The two notable examples of this are the erosion of Locke Island and the
accidental discovery of The Ancient One. Dam construction has also altered the source material
for eolian processes, rendering them erosive through deflation leading to down-slope movement.
Therefore, dam construction has substantially altered fluvial and eolian forces through the reach.
The effects of damming were not entirely detrimental to the preservation of cultural material.
Due to the loss of large episodic floods, increased riparian vegetation has grown along the
terraces. This new growth increases soil shear strength, making it more difficult for sediments to
be entrained in floods, with vegetation on lower terraces acting as protection for higher terrace
scarps.
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APPENDIXES
Appendix A
Radiocarbon analysis report.
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Please note: An address has been redacted due to privacy concerns.

Appendix B
Hanford Reach reactor cross-sections

Figure B1. B Reactor cross-section showing the modeled peak water-surface elevations for 06NOV2021, 1894,
1948, and 1997 floods. B Reactor 1948 flood high water mark was 415.0 ft (126.5 m), used to calibrate the HECRAS model. A = left bank and A1 = right bank.
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Figure B2. D Reactor cross-section showing the modeled peak water-surface elevations for 06NOV2021, 1894,
1948, and 1997 floods. D Reactor 1948 flood high water mark was 402.9 ft (122.8 m), used to calibrate the HECRAS model. A = left bank and A1 = right bank.
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Appendix C
Photocopies of James Chatters’ field notes from the 1989 Wahluke Excavations.
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Appendix D
James Chatters field notes retyped, from the 1989 field school on the Wahluke Slope. Words in
italics were illegible and left for further interpretations.
Rice
Following Ben Franklyn res- began testing at site for east coast salvage.
Testing limited at
Lorla, Wawala, Coyote Rapids upstream Paris, Ryegrass.
Did backfill but pits dissemable.
Collections in Richland- notes with collections.
Rice may have slides.
Piffulty has been in his moving- stuff is in storage zoy3oxis
Thinks he’s found photo boxes.
Wahluke: - appeared surprisingly shallow, thin, seatten in top 20-30 cm and little below- pits 35’ depth, little at depth
-

Found in-site salmon remains from cooling lives etc. several features.

-

No structural remains evident no skeletal material. Krieger stuff is grave.

Closest test pit was a flat wan trees. Nothing upstream most 150-200 ft at same distance from R.
most downstream 300 ft, close to edge salmon.
June 19, 1989
To promote more efficient use of finds, we have established a NOLECAS contract with Central
WA. University (CWU), Dept. of Anthropology, who will conduct a Field school on Haveford
site Caud. The field selcoop will, among other things, conduct test excavations at Wahluke site,
45GR30.
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Today I introduces CWU crew to the site, noting where the test pits should be placed. The
general purpose/reason for placement is to establish
a.

Whether sediments are intact and, if so, at what depth(s).

b. Site boundaries
c. Condition and kinds of data available.
d. Site stratigraphy
In all, there will be seven pits.
1. to investigate a possible house pit at site’s E end.
1. To investigate ground between possible house pits in the same area.
1. In an apparently undisturbed area ca. 10x12cam in middle of several disturbed area
100 m East of the trees/homestead area.
1 in level, perhaps undisturbed area 20m West of trees
1 in dunes West end of site, hoping to intersect intact/features of and-Holocene age, like
those seen weathering out at E. end of dunes this is a 1x2 m pit for safety reasons. All
others are 1x1 to (David Rice’s initials) minimize the impact to site.
Techniques as in 3.1 of HCRMP,
One additional 1x1 M pit will be excavated, placed as needed based on info from all test
pits. The site will be mapped by plane table and auger tests done at 65 M intervals
parallel to river, 10 M interval to river.
Purpose: increase size of sample of data, establish horizontal extent of
components, vertical extent also.
6-19-84
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6-21-89
NAC was onsite yesterday no of today, 3 pits to fall in 14 M cubed have been opened.
Pits 1 and 2 (in dunes) contained FCR, lithics, etc. in upper most 10cm, nothing but
smear below that. 1 dune sand to 1 M, augered SE and NE cermus to 2.5 m, nothing
found, dune sand throughout back filled pit due to wall collapse and risk of unauthorized
visitors.
Pit 3 (West of homestead/trees) getting scatters of lithics, FCR, bone, throughout. Reach
caleir horizons at 20 cm, nearing cobble substrate, I suspect sediment is a compact silty
fine sand. They found lusterics and lithics in 0-10cm then manure in 10-20, silty sand
below that. From this it appears that seds have not been looter disturbed, there’s been
some surface redistribution from homestead area W since occupation in early 20th
Century.
Pit 4, in the undisturbed area within heavily potted section, had manure in 0-10,
confirming that it had been in a bldg or farm which has burned or been removed. Potters
could not work inside bldg, so the area was left alone.

6/24/89
Because of meetings, Natalie was in filed 6/22- today. And called Dave rice of USACE
Seattle, who conducted but never reported on first excavations at Wahluke.
He did not recall how many pits were dug- evidently has no maps or field notes taken by
him. Artifacts and pit notes/on cards-were left with Nick Faglievi and are now in NCAS
Storage.
His tests went 3-5ft deep with cultural material shallow, confined to the upper ca. 30-50
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cm. (lue mixed messeges) all was late prehistoric, though he did find Frenchman springs,
artifacts in dunes just up river from the homestead (surface). He saw no evidence of home
pits.
Test pits were between 150 and 300 ft north of the homestead. He has photos, and will
look for them soon.
6/23/89
Short visit today, there are now 4 pits open (including backfilled test in dunes.)
#3 in area South of trees in down to 130cm, auger to 230 shows cultural layer at ca. 170180cm.
Visited other pits work in #4, which is turning up low artifact density, has done to 50cm,
#5 is started at the North end of the potted area and is to 20cm.
#6 starting today or weekend in one of the house depressions at North end of the site.
Bill Yallup of the Yakima tribe cultural resources program visited the site today as did
Jane Hoff and Russ Schmeckle of CBC. Bill was sent by his boss, Caroll Palmer, who
apparently misunderstands what is happening here. Bill was open, friendly, talk is about
this as a great place to place fishing nets cites along swift, deep, eddy- he says one should
auger to shore and run net downstream at an angle. Also said yauvers is toothache
medicine, recalls fishing in work area as a youth.
Bill showed me a letter from palmer to leim directing him to demand exploration of test
pittey, by DOE, dechand a paid Yakima observer. Of demands not met he suggested
litigation.
Yallup indicated Palmer overreacted and doesn’t believe these actions are warranted.
6-26-89

106

Fieldwork continued over the weekend. When I arrived this AM, found excavation in pit
3 had reached 200cm they had a good cultural horizon;…,FCR,… in silt at 170-180cm,…
little or nothing. Augured bottom, which was in medium sand, … 1.5 m and never
reached gravel.
Pit 4: is fascinating now at 160 cm is as below. I estimated depths at 150-160 found
arrow point-small, late arrow pit in 4th floor. Also were copious amounts of bone…
salmon,… rabbit.
Pit 5: is to 1.2M contains … it is dark and organic to 50cm, smooth gravel silty material
below- largely sterile.
Pit 6: to 80cm is eolian sand at 0-20, compacted eolian material below at 80 cm is layer
of salmon, rabbit, ungulate bone and charcoal. That is clean woven floor.
Pit 6 is in bottom of suspected house depression. Below bone charcoal is silt-rich,
compact “floor”.
Next 2 Pits: I should check rim of house area with pit 6… Deposit, of any.
Auger testing was done over the weekend. Found that deposit is less than 1m in North
end. Deeper to more than 160m in vicinity of test pit 4.
Pit 5: There is a light colored fine sand just below organic rich cultural layer (50cm). and
is the same as clasts indicated in p.16 in we the 3rd stratum of pit 4.
6/27/89
Opened 2 new pits 7 and 8. 7 is placed … from 8 in. hope of… the house rim. 8 Is in
vicinity of 6 and 7 (South East) in area with many … of surface shelf. Placed … sample
shell dating to … age.
Pit 4 continues to go… at 170-180cm is an FCR concentration with a … cut away- may
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be a pile…. Rocks is what appears to be dog burial, … showing ribs, … exposed lots of
fish bone, charcoal.
… charcoal…indication of another house floor (5th)
Natalie profiling,…
6-28-89
Pit 8: mends shell- very large, thick M.Falcala and a few G.Angulara a near soli stratum
sloping toward river specimens. I … removed ca. so that can be … for growth… study.
Size,… and… condition … charcoal flake observed… shells… sample.
Shell… sand that underlies late … strata in Pit 5. Ca 15cm…
Natalie Profiling
Hackenberger and I walked North end of site measuring home depressions.
Returned early to office.
6/29/89
Going to … I today to begin measuring house pits and other features. Left S.Bicchieri
and Ray to meet DOE folk at Wahluke.
Visitors K. Clarke, … Nadine Highland and new hire. Gave tour …
Pit 4 is in another (5th) floor at … charcoal black with fish bone, … later in day.
After boat battling problem, net to Locke IS. Some had mapped South East tip, some 10
houses. Take … rim South East and radius.
Red-Flagged … and pot hole

6/30/89
…
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Suspected pot holes, Rice test pits … observed gray floor. Layer in every hole, Rice
pits… 15 and 23,… 3 floors visible in 15, 2 in 23 b3ginning just … surface… cultural
layers observed… both pets…
Cleared wall for ca. 2 M E side, North East both pits. Found charcoal bits and salmon
Fish bone, flakes in all floors, and uppermost (both pits)
Removed carbon and carbon rich sod from areas of 2nd floor as shown above. Salmon
vert. along with it.
Carbon sample taken from the hearth exposed in second deepest cultural horizon … at
lower tip, North face of locke Island.
Depth from surface … at 8.5 with English… (2.59m)
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